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fumigation of CATTLEYA orchids with HYDRO- 
CYANIC-ACID GAS 

By E. R. SaSSCER, Chief Inspector, and H. F. Dietz, Entomological Inspector, Federal 
HoTiicuUural Board, United States Department of A griculiure 

INTRODUCTION 

As a preliminary, it will not be out of place to refer briefly to the regu- 
lations of the Federal Horticultural Board governing the importation of 
orchids prior to the adoption of fumigation with hydrocyanic-acid gas as 
a requirement for entry. These plants, wliich for the most part originate 
in countries that do not maintain a recognized inspection service, were 
allowed to enter under permit through designated ports of entry which 
were provided with Federal inspectors, or collaborators of the Federal 
Horticultural Board. Orchids arriving in the ports designated were ex- 
amined by representatives of the board, and, if found to be free from 
Insects and diseases believed to be injurious, were liberated from customs 
and allowed to proceed to the consignee. 

INSECT PESTS INTERCEPTED 

A total of 137 species of insects were collected on imported orchids, 
principally species of Cattleya, or in cases containing them, from August, 
1912, to December i6, 1917, including 41 species of scale insects and a 
number of recently introduced ants which are now firmly established and 
responsible for considerable injury in greenhouses as far west as Indiana. 
A careful examinat^n of three cases of Colombian orchids by the junior 
author revealed the presence of 17 species of insects distributed in the fol- 
lowing orders: Orthoptera, Hymenoptera, Hemiptera, Coleoptera, Lepi- 
doptera, Corrodentia, and Collembola. 

Early in the spring of 1917 a shipment of 47 cases of cattleyas from 
Colombia was found, upon examination by Messrs. H. B. Shaw and D. G. 
Tower, of the Federal Horticultural Board, to be infested with lar\'ae of 
an unrecognized pyralid moth not known to occur in the United States. 
Inasmuch as these larvae were present in numbers on and among the roots 
of the plants, the writers were instructed by the Federal Horticultural 
Board to conduct experiments immediately to determine the possibility 
of killing these larvae and other imsects by the vacuum process without 
removing tlie plants from the original container. 
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EXPERIMENTS TO DETERMINE THE POSSIBILITY OF KILLING INSECTS 

BY FUMIGATION WITHOUT REMOVING THE PLANTS FROM THE CON 

TAINER 

To determine the effectiveness of this method of fumigating, the insects 
and plants were exposed to the gas under conditions comparable to those 
existing at commercial vacuum fumigation plants, where time would not 
permit the removal of the plants from the containers. To obtain this 
result, pyralid larvae were fumigated as follows: Two in a vial plugged 
with cotton; two secreted in the roots of a cattleya wrapped in one 
thickness of newapaper; two secreted in the roots of a cattleya wrapped in 
cardboard and three thicknesses of newspaper; one in a vial plugged with 
cotton and wrapped with plant in two thicknesses of manila paper; two 
in nests of two and three pill boxes,* respectively. 

The containers were placed in the fumigation chamber, the door closed 
and a ao-inch vacuum produced. The gas was then generated, a dosage 
of I ounce of sodium cyanid ^ per 100 cubic feet of space being given, with 
an exposure of 40 minutes as follows: Five minutes were allowed for full 
generation and then 5 minutes to wash all the gas over to the fumigation 
chamber, after which the plants and insects were exposed to the gas for 
30 minutes under normal atmospheric conditions. At the completion of 
the exposure the gas was removed from the fumigation chamber by pro- 
ducing a 25-inch vacuum. Upon examination all larvse were found 
dead, irrespecive of their position, some being flattened out and void of 
viscera. 

To determine further the penetration of hydrocyanic-add gas under 
vacuum conditions, the following test was conducted with the black- 
walnut worm {Datana integerrima Grote and Robinson). This experi- 
ment differed slightly from the former in that the exposure was increased 
to one hour ‘with a preliminary vacuum of 26 inches. The dosage re- 
mained the same, the larvae being exposed to the gas under the following 
conditions; (i) Eight larvae in a nest of triple pill boxes, inclosed in two 
tight-fitting cardboard coedd boxes,® the outer, or larger, box being 
wrapped with four thicknesses of dry newspaper and one layer of heavy 
wrapping paper and tied. Tliis package was then placed in a wheat sack 
which was inclosed in a mail bag. (2) Four larvae were similarly wrapped, 
except that the newspaper was thoroughly wet. (3) Four larvae in triple 
pill boxes were inclosed in a tight-fitting screw-top mailing tube and 
placed in a thin seed sack within a wheat sack. (4) Same conditions as 
No. 3, except that the mailing tube was wrapped in six layers of wet news- 
paper. Upon completion of the exposure all larvae were dead, whereas 
all larvae similarly wrapped and held as controls were alive. 

* Diameter of pill boxes as foBows: iH. aad iX inches, 

* Sodium cyanid guaranteed toamtainnot le^thanst per cfoit cyanogen and commercial sulphuric add 
(about J.84 sp. gr., or 66° Daitm() were used in all experiments referred to in this paper. 

* These boxes measured s by 3 by * and 3 by s by iH inches. 
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P^pgRlMENTS TO DETERMINE EFFECT OF FUMIGATION ON IMPORTED 
CATTEEYAS AT TIME OF ARRIVAL 

A series of experiments under vacuum and normal atmospheric con- 
ditions was conducted to determine what effect, if any, the gas would 
have on the leaves, pseudobulbs, and general health of the plant. 
Mechanically injured and sound plants were purposely fumigated with 
excessive dosages to determine the appearance of fumigation injury. 
To induce burnit^, the leaves were slashed and bruised with a hatchet. 
Leaves so treated invariably exhibited blackened areas immediately 
around the injured spot, and yellowing was evident where^ the food sup- 
ply was cut off. This yellowing, however, was no more pronounced in the 
fumigated plant than in the unfumigated ones, and was invariably con- 
fined to the old or injured leaves. The experience of tlie writers with the 
introductions of the Department of Agriculture has been that leaves on 
plants which have been poorly ventilated for a Tong period slowly turn 
yellow and eventually fall when exposed to the air. These leaves are 
apparently devitalized by abnormal shipping a>nditions, and the dis- 
coloration may be due to physiological changes. 

To demonstrate that fumigation is not responsible for the shedding 
of all the leaves which are frequently found in containers when 
delivered to the consignee a number of cases were carefully examined at 
the port of entry. Two poorly ventilated cases yielded the following 
count: (i) Number of plants, 42; total number of leaves, 304, of which 
234, or 76 per cent, had fallen from the plants and were in various stages 
of decay (PI. 20). (2) Number of plants, 69; number of pseudobulbs 
on the plants, 719, of which 194 were dead; total nural>er of leaves, 539, 
of which 257, or 47 per cent, were dead. These figures represent fairly 
well the condition of poorly packed orchids at the time of arrival, although 
there are several instances on record where the entire contents of the case 
were dead. 

Orchids fumigated in New York on May 27, together with controls, were 
forwarded to Washington and held in a greenhouse. On July 30 both 
the fumigated and unfumigated plants had lost 33 per cent of their old 
leaves. As further evidence that fumigation with i ounce of sodium 
cyanid does not kill the plants, if they are in a reasonably good condition 
at the time of fumigation, a commercial orchid grower, on July 17, had cut 
80 blooms from 700 plants of CaiUeya Irianae which were fumigated in 
New York during the latter part of May. It is apparent, therefore, that 
injury and shedding of leaves which might be attributed to fumigation 
at the port of entry are in a large measure due to poor packing, improper 
ventilation, and poor shipping conditions. This conclusion is further 
supported by the summarized experiments given in Tables 1 , 11 , and III. 
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Table I .— of fumigation of cattleyas immediately upon arrival at Washingtoji 
D. C., under summer temperature conditions ' 


Dosa(!« 
rate, in 
ounces 
oi 

sodiwn 

cyanid. 





Exposure. 

a 

s 

J- 

Vacuum. 

Ifrs. 

i 

•F 

80 

In. 

30 

l 

80 

30 

i 

80 

30 

■ 

80 

» 

y* 

80 

30 

H 

8e 

30 


80 


! 



Conditions 
under whidb 
fumigated. 


Number of leaves on— 


Num- 
ber of 
old 

leaves! 

lost 

since 

fumi- 

eattoo. 


Date of fumiga- 
tion, June 6, 
1917. 


Tborouglily ! 77 on plants. 
wet. ■ 

Dry I 101 on 12 plants. 


plants 

Dry 41 on 7 plants . 


'I'hfifoughly : 7 ^ c 
wet. j 


Wet i OyoD ij plants 

Dry j 65 OQ 13 plants 

. . .do 61 on 4 plants. 

3S 9 plants . 


Nov. 

& 


54. *4 
JO 16 
3»; »4] 
JS 


3S; isj 

J?! 35 


Condition on Nov. 33, 1917. 


3 escellent, 7 good, j I 

fair. I 

4 excellent, 4 good. 4 1 3, 

fair. I 

Poor before ftunieatioD;' 53 
I Bxudlent, 9 good, 7 | 
fair. I 

Poor before fumigation;' 64 

3 good, 3 poor, J i 
missing. ‘ 

5 good, 5 poor, 3 miss- j 79 

ing. ! 

I cxi'ellent, i good, i gg 
poor, 3 missing. 

Good, although I plant ^ 
lost 15 pseuclohulhs. 

Good'.pseudobulbsnot 4c 
counted. 


" Ten growing. ^ Kleven growing - 


t One poor. <1 Four growing. « Fourtceo growing. 


T^ble TI —Summary of experiments to determine peuelralion and effect of hydrocyanic- 
'acid gas on cattleyas held unplanted for one month prior to fumigation. All boxjujni- 
gallons avere conducted under normal atmospheric conditions 



s 

'U 





Tfumber, w-heti 
ujiiisat«dju!v 
30. 1917. 

Number, Nov. 3i, 
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> 9 
Ci 

Treatrnentbefore. during, and alter 
fumigation. 

il 

a s 

a 

i 

3 

1 

0 




3 

■0 

[,eavc 5 . 
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bulbs. 





■c 

0 

a 

a 

5 

> 

t 

E 

(i 

3 

43 

W 

Buds. 

1 

•a 

0 

t 

Z 

2 

0 

•Max 

'J 

i 



Dry. wrapped s hours belwe fumiga- 
tion and kept wrapped 34 hours 



In. 


Pel 

13 








6 


IS 








J 



5 


6 

3 










2 

36 

6 

4 


< 






T 

at 


bo (1 



b.tr 

9 

4 

37 




lb 

Dry, held in dark a hoursprior tii 
fumigation; not wrappeil whenfumi- 

iVa 


(«) 


6q 

.. 


0 

23 

II 

8 

18 

8 




Wrapped in heavy paperahours be- 
fore [umigation and kept wrapped 




86 

65 8 



18 

I 



3 



8: 





86 



30 

3 


10 


. 



Under canvas 2 hours before lumiga- 
1 tion; not wrapped when fumigatet 




86 

65^ 6 

....\ n 

5 

K 


34 


3 

3 

34 

ti 




!■/» 






1 

J 






1 



— 
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“ Six in poor eundition. ^ Eight scarred. 
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Table of experiments similar to those given in Table I, except that all 

hlanls ■a^e previously fumigated in New York City on May 27, XQi/, with 

j ^jirice of sodium c^nid per 100 cubic feet, with an exposure ef 40 minutes under par- 
tial vacuum as described in the text 


£ 

1 

S 

Z 

Treatment before, dtirinc, aad after 
finnigaticoi. 

Rate in oiincei of sodixim 
evanid. 

Exposure. 

Vacuum. 

1 

Relative humidity. 

Number, scc- 
Mid (umiga- 
tiun, July 30, 
1917, of — 

Number, November 
33. 1917, of— 

1 

£ 

> 

S 

"o S 

II 

IS 

£* 

> 

8 

1-1 

Shoots. 

Buds. 

£ 

3 

■s 

•0 

1 

Leaves. 

Pseudo 

bulbs. 

Buds. 

Flowers. 

•d 

0 

i 

Z 

•d 

6 



1 hours before fumigation 


ffr 

fn 

*F 

Pc 













god kept wrapped 24 hours 

1 



00 

Cta 

17 



«s 6 

n 

4 


so 

in 




Same as above, except wet 

I 


j 6 


60 

*4 




11 

I 

46 






Same as aliove, except dry 

J ^5 




C>0 

■ 3 



*48 

1 








Same as above, except wet 

iy> 




60 



, 










Wet heldtadarkahourspnorlyiutni- 

















* 

gationjnot wrapped when lumigated. 

jH 


(■=: 

9 » 

69 

16 


0 



7 





i 85 ^ 

5 

Control • 






3 $ 

8 


4 « 

0 


41 






a Three In poor condition. V piv? black. < In box. 


All plants used in the experiments recorded in the tables were selected 
at random, effort being made in so far as possible to equalize the number 
of leaves and pseudobulbs in each test. Moreover, it was discovered 
after the plants bloomed that four species of Cattleya were represented — 
viz, trianae, mossiae, sekroederae, and percivaliam. Unfamiliarity wth 
these plants rendered it impossible for the writers to separate the different 
species by the characters of the pseudobulbs and leaves. So far as the 
different varieties were concerned, however, there was no noticeable dif- 
ference in the final results. Of 116 plants fumigated, only 8, or approjd- 
iiiately 7 per cent, died. 

As indicated in the tables, the plants were fumigated under unfavor- 
able conditions as regards temperature and moisture. This was deemed 
adrisable, since orchids are offered for entry in large numbers during the 
summer months, and at this season it is frequently impossible to work 
with low temperatures; and, furthermore, these plants occasionally are 
drenched with water en route. 

All plants listed in Table 111 received two fumigations, the first ex- 
posure being in New York on May 27, with sodium cyanid at the rate of i 
ounce per 100 cubic feet of space, with an exposure of 40 minutes and a 
preliminary 20-inch vacuum. 

All plants used were grown by Dr. James S. Cannon, the orchid expert 
of the propagating gardens of the War Department, and in many cases 
were not potted for weeks after fumigation. It is evident, therefore, 
that the cattleyas were not given special treatment, but were handled as 
a commercial shipment. 
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The percentage of old leaves k)st, as given in tables, is neither dis. 
tinctly correlated -with conditions under which the plants were fuuy. 
gated nor with the dosage given. Whether this discrepancy is due to 
specific resistance of the different species of Cattleya fumigated or to 
physiological conditions of the plants at the time of fumigation remains 
to be determined by the use of known plants kept under similar condi. 
tions before exposure to the gas. It will be noted, however, that plants 
which lost a high percentage of old leaves produced flowers, new leaves, 
and pseudobulbs. (PI. 19.) 

FUMIGATION AS A REQUIREMENT FOR ENTRY 

Owing to the large number of insects which have been intercepted in 
cases of orchids and to extremely poor inspection facilities at the ports of 
entry, the Federal Horticultural Board has instructed its inspectors to 
require the fumigation of all orchids arriving in bulk from countries 
which do not maintain a recognized inspection service. On the strength 
of the experiments listed in this paper, all plants fumigated in the orig- 
inal container must be fumigated witli i ounce of sodium cyanid, wth 
an exposure of one hour. A preliminary vacuum of 20 inches is required 
prior to the generation of the gas. 

CONCLUSIONS 

(r) Black areas appear on unfumigated as well as fumigated leaves 
which have been injured. 

(2) Progressive yellowing occurs on both unfumigated and fumigated 
plants and depends on adverse treatment or age of the leaves. 

(3) Fumigated plants lose their leaves more rapidly than do unfumi- 
gated plants when subjected to adverse treatment. Young leaves and 
shoots are not severely injured by the gas with a 1 -ounce dosage, although 
a number of old devitalized leaves may fall. 

(4) Fumigation is not responsible for dying of pseudobulbs, if exces- 
sive dosages are not used. 

(5) Presence of water on cattleya leaves does not increase burning from 
fumigation. 

(6) Loss of a few old leaves does not render a plant valueless, as in a 
brief period they are replaced by new vigorous foliage. 

(7) Where excessive dosages are not employed, orchids are apparently 
stimulated by hydrocyanic-acid gas. (See PI. 19.) 

(8) Infested orchids at the time of arrival at the port of entry, if in a 
reasonably good condition, are not seriously affected by hydrocyanic- 
acid gas generated at the rate of i ounce of sodium cyanid per 100 cubic 
feet, and are not killed where a 4-ounce dosage is used. 

(9) Insects which are not hermetically sealed in steins or pseudobulbs 
of caltleyas can be killed in the original cases with hydrocyanic-acid gas, 
provided a preliminary 20-inch vacuum is given. 




PLATE 19 


Cattkya sckroideroe live months after having been fumigated ■with hydrocyanic* 
acid gas at the rate of i ounce per 100 cubic feet of space. 
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PLATE 20 


Examining a case of cattleyas before fumigation at the port of New York. 'Eiis 
case yielded the following count: Number of plants, 42; total number of leaves, 304; 
number of leaves off of the plants in various stages of decay, 234. 




net energy values of alfalfa hay and of 

STARCH 


By Henry Prentiss Armsby, Director, and J. August Fries, Assistant Director, 
Institute of Animal Nutrition of Ike Pennsylvania State College 

COOPERATIVE investigations BETWEEN THE BUREAU OP ANIMAI, INDUSTRY OF 

the united states DEPARTMENT OP AGRICULTURE AND THE INSTITUTE OF 

animal NUTRITION OF THE PENNSYLVANIA STATE COLLEGE 

INTRODUCTION 

The experiments here reported were undertaken primarily to deter- 
mine the net energy value of starch as a representative of the carbohy- 
drates. Alfalfa hay was used as the necessary roughage chiefly in order 
to secure a mixed ration not too low relatively in protein, but in part also 
for the sake of comparison with the results of several earlier determina- 
tions on the same feeding stuff. 

OUTLINE OF EXPERIMENT 

The subject of the experiment was a pure-bred Shorthorn steer, des- 
ignated as Steer J, bred by The Pennsylvania State College. He was a 
year and lo months old at the beginning of the experiment and had been 
chiefly grass fed up to that time. He was the same animal used in the 
subsequent year for the experiment on the influence of the degree of fat- 
ness of cattle upon their utilization of feed already reported.^ 

The general plan of the experiment was the same which has been em- 
ployed in our more recent determinations of the net energy values of 
concentrates. It consisted, first, in determining with the aid of the 
respiration calorimeter, the net energy value of the roughage by a com- 
parison of two or more periods in which different amounts of it were fed 
and second, in making similar determinations upon a mixture of hay' and 
starch in the proportion of 2.5 to i. By a difference calculation, pre- 
cisely similar in principle to that commonly used in estimating the 
digestibility of a concentrate, the net energy of the starch could then be 
computed.^ As a matter of fact, the trials were not actually made in 
this order, those on the mixed ration preceding those on the hav. 

It may be noted that this method differs from that employed by 
Kellner, who has also reported a number of determinations of the net 
energy value of starch.® In his experiments the starch was added to a 
basal ration of hay and grain, the balance of carbon and nitrogen on each 

* ArusBY, H. F.,and FrTS-S, J. A. MFLCBNCKOBTimDeGREBOr PATME-SSOFCAmRUPON IHEIRimU- 
UnoM op FEED. In Jour. Aflr. Researdi. v. n, oo. lo, p. 4si-47J. pi. 41. Literature died, p, 464. 1917. 

’ — NET sitBRCY VAUnjs OP PBEdwg STUFFS FOR CATTtB. /» Jouf. AgT. Research, V. 3, 

no, 6, p. ,169-450. 

’ Xeuiter, O., and KoulER. A. imTBRSWfUUNCSN Cber dBn stoFf- und enerciB-umsatz des 
kindes bri rrraltuncS' und produktionsfutter. fn Landw, Vers, Sta.. Rd, 53. 

V- 1900. 
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ration being determined with a respiration apparatus and the heat pro- 
duction computed. A difference calculation, after making certain cor- 
rections, shows the net energy of the added starch. 

PERIOD AND RATIONS 

Each feeding period covered three weeks, of which the first n 
days constituted the preliminary .period while during the last lo the 
feces and urine were collected quantitatively. A 48-hour determina- 
tion of the respiratory products and of the heat production was made 
on tlie eighteenth and nineteenth days of each period. ^ The dates of 
the several periods, the rations fed and the average live weight of the 
animal in each period are shown in Table I. 

Table I. — Periods, rations, and average live -weights 


Period. 

PrcUmiiury period. 

Digestioa period. 

Daily ratioss. 

Live 

Hay. 

Starch. 

wciehlB 
of steer. 

Period I 

1912-13. 

I 9 ' 3 - 

Kpn. 

Kgm. 


Dec. 22-Jan. I 

Jan. 2-Jan. ji 

7 - 50 

3- 00 

Ml 

Period 2 

Jan. i2-jan. 22 

Jan. 23-Fcb. I 

3 -«> 

1. 20 

366.5 

Period 3 

Feb. 2-Feb. 12 

Feb. 13-Fcb, 22 

4-25 

1. 70 

387.0 

Period 4 

Feb. 23-Mar. 5 

Mar, 6-Mar. 15 
Mar, 27-Apr. 5 
Apr. J7-Apr. 26 

2. 00 

.8c 

35 '^' 2 
403. 8 
403.2 

Period 6 

Apr. 6-Apr. t6 

7. 00 


Period •}. : 

.\pr. 27-May 7 

May 8-May 1 7 

4.00 


37 rO 


COMPOSITION OF FEEDING STUFFS 

The alfalfa hay was from a car of baled hay purchased the previous 
year in Kansas City, Mo., and stated to have been grown in Idaho. The 
starch was commercial cornstarch 


Table 11 . — Composition and energy content 0/ dry matter of feeding stuffs 





Alfalfa bay 





Period I. 

Periods » 
and j. 

Periods 4 
and 5. 

Periods 5 
and j . 

Average. 

Periods 


PtT ant. 

Pff cent 

Per cent. 

Per cent. 

Per cent. 

PtT ani . 

Ash 

9 - 74 

8.83 

9.27 

9 - 43 

9. 26 

0 . li , 

Protein 

Nonprotein 

iL 34 

3 - 27 

lO. 96 
3.21 

It- 3 ^ 

3 ' 03 

II. SI 
3. 12 

II. 29 

3 - 14 

• 3 j 



Crude fiber 

30-69 

31.86 

29. 46 

20. q6 

30- 47 

•’3 

Nitrogen-free extract 

43. 22 

43 - .38 

45 - ^4 

44-21 

44. XO 


Ether extract 

1. 84 

1.76 

1.74 

I- 77 

1 - 77 




10a 00 

100. 00 

100. 00 

100. 00 

100. 00 

100. oo 

Total nitrogen 

2- 51 

2.44 

2. 46 

2- 51 

2. 48 

. 06 

Protein nitrogen 

1. 82 

»- 7 S 

I. 82 

1. 84 

I. 81 

48 - *4 

Carbon 

45.00 

44.94 

44-98 

44-74 

44.92 

Energy, calories per kgm. 

^> 335 - 34 

1,389-90 

4, 332- 82 

4, 334. 67 

4, 348. 18 

4 , 104 - S5 
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Four samples of the finely cut alfalfa hay and four of the starch were 
taken as the rations were being weighed out. The hay samples were 
analy*^<l separately, while the starch samples were united to form a 
single composite. The analytical results and the periods covered by each 
sample are shown in Table II. 

DIGESTIBILITY 

The digestibility of the total ration was determined in the usual manner. 
The results are recorded in full in Table 1 of the Appendix and are sum- 
marized in Table III. The weighted means are computed from the totals 
of each ingredient eaten and excreted respectively in all the periods 
averaged. The digestibility of the starch is computed on the assumption 
that the hay fed with it had the digestibility shown by the mean of 
periods 5, 6 and 7. barge negative coefficients for protein and crude 
fiber result from this computation. The results for the other ingredients 
are as shown in the table, the periods being, for convenience of reference, 
grouped by the nature of the ration and arranged in each group in the 
order of magnitude of the rations. 


Tabce III.— Summary of percentage digesUbilily 


Fe«d and period. 

1 

Dry 
mat- ' 
ter. 

Ash. 

Organ- 
ic mat- 
ter. 

Pro- 

tein. 

Non- 

pro- 

tein. 

Cnide 

fiber. 

Ni(r«> 

g«I- 

Iree 

ex- 

tract. 

Ether' 

ex- 

tract. 

Toul 

niiro- 

gen. 

Car- 

bon. 

En- 

wey. 

AUAtPA KAV 

Periods, 7,893 gm 

58.33 
■ 59-49 

: 60-47 

41.04 

40.93 

4a-31 

59-98 

63. 36 

66.86 
69.31 
69. 54 

8ms 

89-5* 

90.65 

41-34 

44-97 

44.71 

1 

i 

70- 35 

71- 37 1 
73-04 1 

35.96 
8.96 
>3.49 . 

73-57 
72. 64 
73-55 

56-94 

ST- .S9 
58.64 

56- 73 

57- 55 
.58. 65 


Weij^hted nieaos. 

Alt&lA BAY AMP S7AKCH 

Peried 1, 8 ,Sjj gm 

Period 3, s.?99 pn 

Period 3,3.750610 

Period 4. 3,480 gtn 

Weighted means. , 
Weighted means, 
omitting peritx] 

59- It 

41-35 1 

60.96 

68- 33 

88.66 

4*- 94 

7t-oo 

14-81 : 

1 73-79 

57- SO 

57-40 

68:86 
67- 73 

1 70- 1* 

1 70. 61 

U- 54 
48-86 

47- 43 

48- 63 

70-68 

69-00 

71.65 

73.17 

56. 13 
61.93 
65 13 

87- 64 

88- 86 
, 88-57 

88- 70 

39- a6 
43- 8.5 
44.96 
42. Ko 

8.Vtt 

8t.3o 

83-43 

«,j.09 

33-57 
31. 18 
17- 8l 

II. 15 

62- 99 

63- 80 
66-31 

64- 68 


67' 30 
65.98 
68-S7- 
68- 48 

69-01 

69.46 

93.63 
88.55 
96-48 . 
98-39 : 

45-88 

70. 6x 

71- 17 

59- 77 

61.01 

88-35 j 

XR.04 

41-49 

4»-3S 

82.78 

83.-16 

20. 45 

63- 71 

64- 07 

; 67. s8 

68-15 

67-34 

67-82 

STARCH 

(CofflpuitHl using mean 
digestibility of hay) 

Perioil I , 

Period 3 . 

Periwlz. 

Period 4. 

^eightedmeans, . 
righted means, 
omittingperiod 

2 


93- 11 
86.76 
95-03 
96.80 

i 



96. 46 
91-96 

96-45 
98- 46 


1 

9.t- 10 
87.28 
96.4s : 
97.48 

92-78 
88- 14 
97- 16 
96. 75 























93.98 

94-55 


91.83 

93. 61 




95-53 

96. So 



92.74 

93- 87 

94- 53 
















e negative coefficients obtained for the protein and crude fiber of the 
rc by the foregoing method of computation are, of course, sinply an 
expression of the well-known fact that the addition of starch to a ration 
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usually results in depressing the digestibility of these ingredients. If i( 
be assumed that the starch was completely digestible— that is, if all the 
effects just mentioned be assigned to the hay— the digestibility of the 
latter as compared with that observed in the periods when the hay was 
fed alone was as shown in Table IV. 

Table IV . — Infitmnce of starch on digesiibility of hay 


■ 

j Dry 
mat- 
ter. 

Ash. 

Organ- 
ic mat- 
ter. 

Pro- 

tein. 

Non- 
pro 
, tein. 

Crude 

fiber. 

Nitro- 
gen- 
free cx- 
tract. 

Ether 

ex- 

tract. 

• 

Total 

nitro 

gen. 

1 

Car. ' 
bon. 

Ea- 

ergy. 

Computed digestibility,' 
assuming 100 per ctut 
ior starch: 

Period 

Period 3 

Period a 

Period 4 

Per a. 
56.08 
50.83 

57-64 

56-44 

Petct 

43-96 

48-18 

46.81 

48.07 

Pad. 

57- 38 
54-96 

58- 69 

59- SO 

Pact. 
59-54 
55- 55 
61.42 
6a. 67 

•Pact 

87- 64 

88- 86 
88-57 
88.70 

Pact. 
39- IS 

41.76 

44-77 
43. 70 

Pact 

67.8a 

63-37 

67.60 : 
69. 60 

Pact 
23- 57 

31. 18 
17- 81 
IM5 

Pad. 

63.64 

63.43 
66. 01 
64- 35 

Pact. 
54- 75 
53-38 
56. ws 
56. 48 

' 34 -.'? 

1 5b 8 j 

1 S6'38 

' .56.:: 

Weishted means . 

56. ji ; 


57- as 

59-75 

S&a; 

41-39 

66.86 

*0.45 

63.40 

54-54 

: S4.<a 

Wedgbted means, 
omitting periods 

56.86 ' 

45- *9 

58.06 

60.51 

88. 04 

41-35 

68.05 

ao-ao 

63-73 

55. 36 

55-U 

Observed digestibility. . 

59- II 

41- as 

60.96 

66- aj 


43. 94 

7J.OO 


72- 79 

57-59 

. 57.48 

Diflerence 

-I. JS 

+4-04 

—a. 90 

-7-72 

— o.6a 

-I- 67 

-3.9s 

+ 5-39 

-9.06 

-3. 14 

j-Mj 


In some respects a more rational method of expressing this depression 
in digestibility is in terms of the actual amounts instead of the percentages 
of the various ingredients. Table V shows the number of grams by 
which the several nutrients actually digested from the mixed ration of 
periods i to 4 differ from what would be expected on the same assump- 
tion as in Table IV. 


T.rBl.E V. — tkpression of digesiibility by starch 


Period No. 

Protein. 

1 

Nonpro- 

tein. 

Crude 

fiber. 

Total 

[ nilrugen. 


6'w. 

6 r. 7 
52 - I 
19- 7 

Gm. 

2. I 

( 7 m. 

68.6 

1 Gm- 
1 16.0 


— . 2 


i 9,5 



— 16- 3 

1 +4 


. 0 

I. 2 ; 

! 3 '^ 

■ 






INFLUENCE OF QUANTITY OF FEED ON DIGESTIBILITY 


The figures of Table III show a distinct influence of the quantity of 
feed upon the percentage digestibiUty, as has been the case in most pre- 
vious experiments.* The digestibiUty increases as the amount consumed 
is decreased, although the differences are relatively small. To this rule 
period 3 constitutes a distinct exception. As will appear, the results of 


> Armsby, H. P. TUB winumOK O? FAIIK ANW-iOS. p. 613-618. New York, 1917. r i ,f An 

and Fries, -J. A. energy valubs of hominy feed akp majie mbal for cattle. f»joui 

Research, V. je>. no. i», p- 60s. 1917- m: feed. 

. INFirBNCB OF THE DEGREE OF FATNESS OF CATTLE UPON THEIR UriLIZATIOb O'- 


/n Jour. AfiT. Reseaich, V. II. no. 10. p. 453- i9i7- * 

■ anti Braman. W. W. energy values of red-clover hay and m.aiiB me.al. 

Agr. Research, v. 7, *10. 9, p. 381. 1916. 


!h Jour- 
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tiis period appear somewhat exceptional in other respects also, and the 
mean digestibility, excluding period 3, is therefore included in the table. 

URINARY excretion 

From the results for the urinary excretion contained in Table 2 of the 
Appendix the following averages are derived. Table VI show.s both the 
energy of the urine as actually determined and also with a correction of 
7,45 Calories per gram for the gain or loss of nitrogen by the body. 

Table VI . — Average daily excretion in urine 


Eeed and period. 

Njlro- 

gea. 

Carboa. 

Energy. 

Ratio of 
. nitrogen 
, to carbon. 

Observed energy-. 

Observed. 

Corrected 
to oitroecn 
equilib- 
rium. 

Per gram 
of nitro- 
gen. 

Per 

grain of 
carbon. 

alfalfa hay. 









Gm. 

Gm. 

Col. 

Cal. 


Coi. 

Cal. 

Period 5 

129.7 

196.4 

I, 916. I 

1,992. I 

ri. 51 

14 77 

9. 76 

Period 6 

loa 9 

151-5 

1, 489. 5 

1, 560. 3 

I •I. 50 

14 - 76 

9-83 

Period 7 

70. 6 

1 107 - 7 

997-5 

943-9 

I S. S 3 

14. 13 

9. 26 

alfalfa hay a.xd 








STARCH 








Period I 

66.8 

1 i 4«-5 

1, 229. 0 

1, 467. 4 

1:2. xo 

18. 40 

8- -S 

Period 3 

49-7 

i 100.5 

902. 6 

955-5 

112. 02 

18, 16 

8. 98 

Period 2 

4 . 3- 1 

\ 7S.3 

733-3 

725 1 

i;i. 82 

17. 01 

9-37 

Period 4 

35-1 

I 58-* 

564.9 

505-3 

1:1. 68 

16. 09 

9. 61 


GASEOUS EXCRETION 

The excretion of water vapor, carbon dioxid, and methane for each day 
is recorded in Table 4 of the Appendix. The average results for each 
period were as follows: 


Table VII . — Average daily gaseous excretion 


Feed and period. 

Water. 

Carbon 

diuxul. 

In combus 

Hydrogen. 

tibk gases. 

Carbon. 

1 Methane 
' computed 

1 from car- 
1 bon. 

Ratio of 
hydrogen 
to carbon. 

ALFALFA HAY. 







Period 1: . . . 

Period 6 

Period 7 

Cm. 

Gm. 

Gm. 

Cm. 

Gm. 


6. 995 - 3 

5 , 458. 7 

1 5 . 505- 0 

42.4 

129. 6 

173-2 

3-057 

4, 568. 6 

33-5 

99-3 

132- 7 

2. Q7O 

3,46a I 

: 3 . 252 . 5 

26. 1 

59-3 

79. 2 

2. 267 

alfalfa hay and 

STARCH. 



i 




Period I 

:o, 028. 1 

7 » 04 S-S 

54-9 

168. 5 

225- I 

'3. 069 


5 . 252 ' 6 

4,724.9 

1 37-7 

116. 7 

155-9 

3.092 


4 , 384 3 

3 . 909-5 

27.1 

83. 8 

112. 0 

3 - 092 


3, 168. 8 

3 > * 33 - 7 

1 

1 198 

62. 4 

83-3 

3- 145 
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GAINS BY BODY 


From the data of the Appendix the gains of protein, fat, and water liy 
the can be computed in the usual way with the results there 

recorded in Table 6. In this computation the amount of water produced 
by the oxidation of organic hydrogen has been disregarded. The results 
are used only as a correction in the manner described on page 277, and it 
may be shown that a disregard of the organic hydrogen mtroduces no 
material error. Table VIII contains a summary of the gains of protein 


and fat by periods. 

Taeoe y hi. —A verage daily gains aj pralein and fat 


Fowl and period. 

Protein. 

Fat. 

alfalfa hay. 

Cm. 

G’n. 

. . . 1 

61. 2 



57-0 

60,5 


- 43-2 

-Ij+O 

alfalfa H.\Y .* 1 X 0 stakch. 

192. 0 

422,9 


42. 6 

34.1 


- 6.6 

-106.2 


— 48 , 0 

-252.6 




MUTH.ANE FERMENTATION 


The extent of the methane fermentation per kilogram of dry matter 
of the feed and per lOO gm. of digested carbohydrates is shown in Table 
IX. In the hay the carbohydrates are the sum of the digested crude 
fiber and nitrogen-free extract, while in the case of starch the compari- 
son is made with the digested nitrogen-free extract. The imnute 
amount of crude fiber contained in the starch, as already noted, showed 


an apparent negative digestibility. . . .1 

The extent to which the carbohydrates of the hay were subject to the 
methane fermentation was substantially the same as the average of 
17 previous determinations on alfalfa' — viz, 4.9 gm. of CII, per 
gra of carbohydrates as compared with an average of 4.8. With tie 
mixed ration of hay and starch the fermentation showed a distinct 
increase as the amount of feed was diminished. When, as m the latter 
part of the table, this increase is computed upon the starch alone, assum- 
ing average figures for the hay, it becomes, of course, Telatively more 
marked and considerably exceeds Kellner’s average of g.cv- 
relative extent of the fermentation was apparently abnormally gr 
in period 3 which, as already noted, also gave apparently excep ra 
results as regards digestibility. The means, omitting period 3, 
therefore been included in the table. 


> Armsbv, H. P., and Pams. J. A. nor oimnov Virnss at ntSDiNC stupm 
Agr. Research, v. 3 . no. 6 , p. 4SO' 

1 KELLNER, o.. anil Kohler. A. untbr-tockungen uber den sto^ und 

SRWACHSBNENWNDBSBBtBRHAlTUNGS-UNDPBODUKTIONSRUTTER. Landw. 


FOR CATTLE. 1 “^' 

ENEKGIE-L’-"'“'’- 
Vers. sut.. IW 5^'f' 


423. iswa- 
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Table IX . — Methane production 

j I Methane. 


Feed and period. 

Hry matter 
eaten. 

Total. 

per kilo- 
gram of 
dry matter. 

Per ICO 
grams uf 
digested 
carbohy- 
drates. 







Gm. 

Cm. 

Cm. 

Gm- 


1, 893- 0 

173- 19 

21 . 04 

c. 0 


6, 127. 8 

132- 74 

21. 66 

4.8 

period 

,1. S°‘- d 

79 - 19 

22. 6r 

5-0 

Totals and means 

17, 522.4 

385- 'r 

21. f)8 

4. g 

alf.uFa hay and starch. 






8, 821. 0 

223. t4 

25-52 

4. 4 

Petiod 

5, 298. 8 

* 55-93 

29. 42 

5 - I 


3 > 750- 4 

II2. 00 

29. 86 

5.0 

Period 

2,480. 0 

■ 83- 34 

33. do 

5 ' 6 

Totals and means 

io, 350. 2 

579 - 41 

28.32 

48 

Totals and means, omitting period 3 

I 5 . 05»-4 

420. 48 

27.04 

4-7 

ST.'iRCH, COMPUTED, WITH MEAN FOR HAY. 





Period I, total 

8, 82 1. 0 

225. 14 



Period I, hay 

6, J31. 7 

'3T-48 



Period I, starch 

s, 566. 3 

87.66 

31 - id 

3-6 

Period 3, total 

5 t 298. 8 1 

* 55-93 



Periods, hay 

3 . 747 - 7 1 

82.37 



Periods, starch 

1-551- 1 ' 

73 - 5 d 

47.42 

5-2 

Period 2, total 

3. 750- 4 

ir2. 00 



Period 2, hay 

2, das- 4 

S8 IS 



Periods, starch 

1, 105. 0 

53-83 

48. 73 

- 5 - 1 

Period 4, total 

2,48a 0 

83- 34 



Period 4, hay 

1-7540 

38. 35 



Period 4, starch 

726. 0 

44 - 79 

61. 70 

6-3 

Totals. 'ind means 

5,948-4 

259. 86 

43. 69 

4. 6 

Totals and means, omitting period 3 

4 , 397 - 3 

1S6. 30 

42.37 

4. 4 


METABOLIZABLE ENERGY 

By metabolizable energy is understood the total chemical energy 
of the feed, as measured by its heat of combustion, minus the chem- 
ical energy lost in the feces, urine, and combustible gases. In other 
viords, it is the amount of energy capable of conversion into other forms 
in the body. Correcting the observed energy of the urine to a state of* 
nitrogen, equilibrium ^ the following results (Table X) may be computed 
as in the case of digestibility. Averages have also been computed omlt- 
hng tile results of'period 

' ny3d<liag7,45 Calories ff»r each gramofnitniKCii retainedby thoaiiimalorsubtraclinc the ijame amount 
■Jf each gram of body nitrogen lost, the correction being regarded as rcprcseotiiig eaerfy of excretory mate- 
-ial temporarily retained in the body. 

SlSU®— IS 2 



2^6 


Journal of Agricultural Research 



TablS X — Losses of chemical onagy; metaboUzabU energy 


Energy i>er kiJogram of dry 
matter. 


Percentage losses. 


Pted and period. 


ALPALFA HAY. 


Period 5 . . 
Period 6. , 
Period 7. 


Weighted averages, 

ALFALFA HAY AND 
STARCH. 


Period I , . 
Period 3 . . 
Period 2 . . 
Period 4.. 


Weighted averages. 
Weighted averages 
for periods i, 2, 
and 4 


COMPUTED FOR 
STARCH. 


Period I . . 
Period 3.. 
Period a . . 
Period 4. . 


Weighted averages 
for periods i, 2, 
and 4 


r 

/ 

Lasse 

s. 

/•■ 

1 *iV Is 

r 

/ 

r 

1 

3 

a 

li 

s 

(3 

1^ 

e 

a 

1 

1 

S 

l|l 

.0 fl’-- 
a— 9 

1 

a 

Is 

a 

1 1 

B 

a 

s 

aI 

CaU 

4» 333 

Cal. 

i,S7«; 

Cat. 

252 

Col. 

2Q,3 

Cal. 

1.9*3 

Col. 

3.5*6 

43- *7 


6 . 76 

44- 15 

4» 335 

1,840 

255 

289 

*.95* 

3. 507 

42. 45 

5- »7 

6. 67 

45. 01 

4.335 

1,792 

270 

302 

*.97* 

3.490 

4*- 35 


6. 96 

45- 47 

4, 334 

1,846 

257 

293 

1,938 

3. 507 

42. 60 

5- 92 

6.77 

44.71 

4,267 

*.395 

*.465 

166 

34* 

2,36s 

3, 596 

32- 70 

3- 90 

7.98 

55-42 

4>3«6 

180 

.393 

2, 268 

3. 509 

34. 02 

4. 20 

9.12 

52, » 

4, 30'S 

1.353 

*93 

398 

2,362 

3,516 

31-43 

4. 49 

9. 26 

.54,82 

4, 266 

*.345 

204 

448 

2, 269 

3,368 

31- 5* 

4.78 

10. 51 

S3- 20 

4.284 

1,400 

180 

378 

2, 326 

3.530 

32.68 

4. 20 

8.8! 

54-30 

4,276 

1 , 3/6 

*79 

373 

2.348 

3,538 

32. 18 

4. 19 

8. 72 

54 - 9 * 

4. 10^ 

296 

-53 

4 s 6 

3,406 

3.707 

7. 22 

-I. 30 

II. 10 

82. 98 

45 1<>5 

487 

-12 

623 

3.007 

3.474 

II. 86 

-0. 29 

IS- *9 

73-24 

4 . IDS 

II6 

,34 

541 

3.3*4 

3.495 

2. 

0.8; 

15. 62 

80, 71 

4, 105 

*34 

76 

823 

3. 072 

3, '82 

3-25 

I. 86 

30. 0^ 

74,84 

4,105 

293 

-II 

579 

3. *44 

3. 54* 

7. 14 

-Oi 2< 

14. 10 

7903 


224 

-10 

563 

3.328 

3, 563 

5-46 

-a 24 

13-7* 

81. 07 

4.152 

73> 

-27 

382 

3.066 

3.603 

17. 61 

-a 66 

9. 21 

7384 


9 Corrected to N equilibrium. 


It has already been noted that with the exception of period 3 the diges- 
tibility increased as the total amount of the radon was decreased. The 
converse of this is shown in Table X. of course, in the decreased losses in 
the feces. On the other hand, the losses in the urine and methane show a 
distinct increase on the lower rations. As in previous experiments, the 
greater digesdbility of the smaller rations w-as apparently due largely to 
the greater extent of the methane fermentadon accompanied by the ex- 
cretion of more katabolic products of some sort in the urine. As a con- 
sequence, the metabolizable energy per kilogram of digested dry matter 






Net Energy Values of Alfalfa Hay and Starch 277 

tJov- 4. 

of digested organic matter was somewhat less on the lighter rations 
'fe their higher digestibility. The difference would be still more 
[narked if account were taken of the fact that on the lighter rations a 
proportion of the metabolizable energy is accounted for by the heat 
ofTernrentation of the carbohydrates. 

Xhe metabolizable energy per kilogram of digested organic matter 
agrees closely with the results obtained by us ' iu earlier experiments on 
roughage and by Kellner “ in his experiments on starch. 

. HEAT EMISSION AND PRODUCTION 

The results of the measurements of heat emission are contained in 
Table 5 of the Appendix. The heat emission, however, does not usually 
correspond with the heat production. 

First, any matter gained by the body is raised from the temperature of 
the calorimeter to the temperature of the body and a corresponding 
amount of the heat produced is stored up as heat in this added material. 

Second, a rise in body temperature while the animal is in the calorime- 
ter likewise absorbs a certain amount of the heat actually produced. 
Both these amounts must therefore be added to the heat emission to get 
the real heat production. Of course this correction may be negative — 
that is, a tall of body temperature or a loss of body weight gives a negative 
correction — so that in such a case the heat production is less than the heat 
emission. The corrections due to these two causes are shown in the Ap- 
pendix, Tables 6 and 7, while Table 8 shows the heat emission, the cor- 
rections, the heat production as thus computed and also the heat produc- 
tion as computed in the usual way from the balance of nitrogen and car- 
bon— that is, by indirect calorimetry. 

CORRECTION FOR STANDING AND LYING 

Standing as compared with lying exerts such a marked influence upon 
the metabolism of cattle that it is necessary to make a correction for this 
factor in order to render the different perirxls of an experiment compara- 
ble. The heat production has therefore been computed to 1 2 hours each 
standing and lying in the manner described in a previous paper.^ On 
using the same corrections as before for body gain and body temperature 
the results are as shown in Table XI. 

‘ AjIMSBY.H. P.,andFiuBS,J. a. NETENHRCYVALUESOrrBSDING STU 7 FS FOR CATTLE. Jour, Agr. 

Research, v. 3, na 6, p. 451. 1915. 

ENBKCY VALOVS OF BOISINY FEVO ANP UAIZB HEAL FOR CATTLR. In Jinir. Agr. Research, 

V. io.no. jj, p. 605. 1917. 

and Bramann. W. W. enbrov values op beo-clover hay an'o maize meal. In Jour. 

Act, Research, v. 7, no, 9, p. 382. 

* ArmsHY. H. P. The NVTEmOH OP FAJtM AHItiAU:. p. 301. N«w York, 2917- 

““ and Fries, J. A. Op. cit-, 1915. p. 452. 

® Arhsby, H. F,, and Fuss, J. A. OP. or., 1915, p. 4S4- 
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Table XI . — Daily Iteat productton computed to 12 hours' standing and lying. 


Prriod ftod ration. 

First day. 

Second day. 

Mean. 

Period 5 

Period 6 

Period 7 — 

ALi’ALPA HAY. 

Calories. 

13-309 

10, 940 
8, 981 

Calories. 

13, 187 
II, Sn 
8,747 

Calories. 
13, 248 
11,226 

864 


ALPALPA HAY AND STARCH. 




Period 1 . . . . 
Period 3 . . • • 
Period 2. .. . 
Period 4 — 


16. 394 

II, 283 
10, 150 

8,483 

' 15-635 
. 11,439 
9, ^9 
8,325 

16, 015 

9 . 920 

8,404 


ENERGY EXPENDITURE CONSEQUENT UPON FEED CONSUMPTION 
The heat production in this experiment shows the same marked 
dependence upon the amount of feed consumed which has been noted in 
all previous investigations. By a difference computation, the heat 
increment caused by a unit of feed consumed may be computed. For 
example, a comparison of periods 5 and 7 gives the following results: 

Table XII. — Example of computation of heat increment due to feed 


Period. 

Dry matter 
eatca. 

Heat pro 
ductiun, 

Period 5 

Period 7 

Cm. 

7 - S93 
3 - 502 

Calorits. 

13-248 

8,864 

Difference 

Difference per kilogram 0/ dry matter 

4-391 

4,384 

999 


Table XIII. — Heat increment per kilogram of drymaiter 



Heat 



Feed und frerio:,. 

inului-liiin 

Feed and period. 

production 


per kilo. 


I>ef kilu. 

ALFALFA HAY. 

Cal. 1 

.\LF.\LFA HAY AND ST.YRCII— COII. 

Cal. 





Periods 6-7 

899 ; 



Periods 5-7 

999 i 

STARCH. j 


.ALF.UFA HAY AND STARCH. 


Periods 1-3 

2, nS 



Periods 3-2 

762 

Periods 1-3. 

I| 32 I 

Periods 2-4 

I, 649 

Periods 3-2 

931 

Periods 1-2 

1, 704 

Ptfiocls 2-4 

1, 192 

Periods 1-4 

I, 6g2 

Periods 1-2 

I, 202 : 




In the same manner the heat increment per kilogram of the mixed 
ration of hay and starch may be computed, while by a comparison of 
these results with those on hay the energy cxi>enditLire per kilogram of 
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starch may be calculated. Three comparisons are obviously possible on 
hay and five on the mixed ration. The results are contained in 
Table XIII. 

It may be presumed that, other things being equal, the results obtained 
by comparing the extreme periods — namely, periods 5 and 7 for hay and 
periods i and 4 for the mixed ration — will be the most accurate. In the 
case of the hay the intennediate comparisons show differences similar to 
those already reported.® In the case of the mixed ration and of the 
starch the results show a marked degree of uniformity with the exception 
of those involving period 3. As already noted, the results of this period 
as regards digestibility, methane production, and metabolizable energy 
appear somewhat abnormal as compared with those of periods 1,2, and 4, 
the losses in feces and methane being relatively large and the percentage 
of the gross energy which was metabolizable being correspondingly 
lower. This might be expected to result in a lower heat production. 
If such were the fact, it would tend to explain the marked divergence of 
those heat increments in Table XIU which involve the use of period 3. 
We are inclined therefore to accept the results of the extreme periods— 
viz, 

Hay 999 Calories per kilogram 

Hay and starch i, 200 Calories per kilogram 

Starch i, 692 Calories per kilogram 

as representing most accurately the heat increment caused by the con- 
sumption of these materials. 

NET ENERGY VALUES 

Subtracting from the gross energy the losses of chemical energy and the 
heat increment due to feed consumption gives the net energy value as 
follows (Table XIV); 


Table XIV . — Net energy values per kitogram of dry maUer 


Feed and period. 

Gross 

energy. 

Losses <" 
clieuiical 
' energy. 

Metabo- 

liiable 

.energy. 

Heat 

im-re- 

inent. 

Net 

energy 

values. 

Net 

meUbo- 

lizable. 

AI-FAI.FA HAY. 








Cal. 

Co/. 

Co/. 

Col. 

Cal. 

Pefd. 

Average 

ALFALFA HAY AND STARCH. 

4, 334 

2, 39^ 

1 

1.948 

*999 

939 

48. 45 

Average of all 

4,284 

1,958 


^ r, 200 

I, 126 

48.41 

Average of periods i, 2, and 4. . 

4, 276 

I, 928 

2.348 

I, 200 

I, 148 

48. 89 

STARCH. 







Average of all 

4, 105 

86 1 

3, 344 
3,328 

c 1,692 

*,552 

47. S-I 

Average of periods i, 2, and 4. . 

4,105 

■ 777 

c I, 692 

1,636 

40. 16 

Aellner's average 

4,152 

1, 101 

3.051 

I, 248 

1,803 

58. 1*0 


” Armsby, II P.. and Fries, J. A. oP. cir., t»is, p. 47J-4J5- 
^ Froin results oi periods $ and 7. 

^ From results of periods i and 4. 
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COMPARISON WITH KELLNER’S RESULTS ON STARCH 

As noted at the beginning of tins article, Kellner has reported a number 
of determinations of the net energy of starch. His results, expressed in 
tenns of energy and computed in a somewhat different manner than 
that used by Kellner himself,^ are included in Table XIV. Two marked 
differences appear. Kellner’s metabolizable energy is lower than that 
found in our experiment, while his heat increment is also less, the net 
result being a higher net energy value. Kellner's rations, however, differ 
quite materially from ours. As regards quantity (total organic matter) 
our mixed ration was considerably above Kellner's in period i and much 
below it in periods 2 and 4. As regards make-up it contained a much 
larger proportion of hay and no concentrate except starch. The per^ 
centage of starch in the total ration was 31.2 as against 19.2 in Kellner’s, 
but the percentage of organic matter supplied by the hay was 69.8 as 
compared with 40.9 in Kellner’s experiments. As regards nutritive 
ratio our ration was somewhat narrower than three of Kellner’s rations 
and somewhat wider than the other two. 

The difference in the metabolizable energy is due chiefly to a much 
larger loss in the feces in Kellner’s experiments, as Table X shows. If 
this be eliminated, by computing the losses in urine and methane upon 
the digested energy the following comparisons are obtained; 


Table W' .--Disinbufion of di^esfed energy of starch 



Iq urine. 1 

In methane 

; Metabtili- 
zabic. 


Per cent. I 
— O. 36 1 

Per cent. 

14- $0 1 

Per cent. 
8s. ;6 
89. 6j 






The higher digestibility of the starch in our experiment was accom- 
panied (caused?) by a greater production of methane, so that a less 
proportion of the digested energy was metaboHzable. When thus com- 
puted on the digested energy, our results in period i agree substantially 
with Kellner’s, while periods 2 and 4 show a considerably greater rela- 
tive loss of energy in the methane. Period 3, as already noted, appears 
exceptional. No obvious explanation presents itself for the high heat 
increment found in our experiment. The more extensive fermentation 
of the starch may perhaps account for a portion, but by no means 
all of it. 


Akmsby. H. P. or. ai.. i»i7, p- 4SS-*S9. 4H- 
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SUMMARY 

In seven respiration calorimeter experiments on a steer the digesti- 
bility and metabolizable energy of different amounts of alfalfa hay and of 
a mixture of alfalfa hay and commercial starch the gaseous excretion 
and the heat production were determined. 

By a comparison of periods in which different amounts of the same 
ration were fed, the heat increments consequent on feed consumption 
and the net energy values of the rations were computed. 

The digestibility of the rations, the losses in the urine, and the extent 
of the methane fermentation showed a distinct increase as the total 
amount of the ration was reduced. 

The greater loss of energy in the urine and methane on the lighter 
rations more than compensated for the smaller losses in the feces, so that 
the proportion of the total energy metabolizable was somewhat less than 
on the heavier rations. 

The metabolizable energy of the starch was 10 per cent greater than 
the average computed from five experiments by Kellner, the difference 
being due chiefly to smaller losses in the feces. Starch caused the usual 
deptesion in digestibility. 

The average heat increment caused by the consumption of alfalfa 
hay was 999 Calories per kilogram of dry matter as compared with 981 
Calories found for the same hay in the previous year and with an average 
of 1,169 Calories in six previous experiments on three different samples. 

The average heat increment for the starch was 1,692 Calories per 
kilogram of dry matter as compared with 2,248 Calories computed from 
Kellner's experiments. 

The net energy values of the starch was about 9 per cent lower than 
that computed from Kellner's experiments, only 49 per cent, as com- 
pared with 59 per cent of the metabolizable energy being utilized by 
the animal. 

APPENDIX 

The principal numerical data obtained in the experuments are recorded in the 
following tables. The computations involved have been carried out beyond the 
probable limit of accuracy of the experimental methods in order to guard against 
a possible accumulation of arithmetical errors. 
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Table 1. — Dig^siibiliiy of rations 


Feed and period. 

Dry 

matter. 

Ariu 

Organic 

matter. 

Pro- 

tein. 

Noo- 

pro- 

tein 

Crude 

fiber. 

N'free 

attract 

£the 

ex- 

tract. 

Total 

nitro- 

gen. 

Carbon 

Energy. 

AI.PALPA HAY. 













Gm. 

Gm. 

Gtn. 

Gm. 

Gtn. 

Cm. 

Gm. 

Crin. 

Gm. 

Gm. 


Total led 


732-0 

7, ]6i.o 

696.9 

*38^9 

2-325-5 

3.562. 5 

137- * 

194-3 

3,550-3 

34- i()S.q5 

Feces 

3»*97-h 

431.6 

2,866.0 

297.2 

3^7 

1,366.5 

1,056.3 

115-3 

53-3 

1,528.7 

14. 79O.30 

Ajnnunt digested.. 

4.595-4 

S00.4 

4, *95-0 

599-7 

208-3 

959-0 

2,506.2 

2r.9 

141.0 

3,021. 6 


Percentage digest- 












ibilily 

S& M 

41-04 

59-98 


87.1s 

41-24 

70-35 

15-96 

72. 57 

56.94 

;3 












““ 

Total fed 

5,127.8 

577-9 

5,549-9 

70S-S 

190.9 

1,836-4 

2,709.1 

108. 2 

153- S 

2, 741. 3 

26,s6t.ya 

Fcccs 

2,482.4 

341 4 

2.I4I-0 

217-3 

20 2 1.026.9 

773-3 

98. s 

42.0 

1,162. 7 

11,376-20 

Amount discstetf.. 

3.645-4 

236.5 

3,408.9 

4*8.3 

1707 

809.3 

1,930.5 

9-7 

III. 5 

7,578.6 


Percentage digest- 












ibility 

S9-49 

4c- 92 

6r- 42 

69-2. 

89-52 

44.07 

71. 27 


72.64 

57-59 

57-55 













Total fed 

3.50*-6 

336- 2 

5.171-4 

403- 1 

109-1 

1,049. 2 

1.548.1 

61.8 

87.7 

1,566.4 


Feces 

1.384-2 

190-5 

1. 193 7 

122- 8 

10., 

58a I 

432-8 

47-9 

23. 2 

647-9 

6-, 76. 31 

Amount digested.. 

2,117-4 

139-7 

1,977-7 

280.3 

98.9 

469- 1 

i, IJ5. 3 

IJ.9 

64-5 

918.5 


Percentage digest- 












ilnlily 

6 a. 47 

42- .31 

62. 36 

69 54 

90- 6s 

44.71 

72-04 

22. 49 

73-55 

58. 65 

5865 

HAY AKO 











■ 

ST.\ilCH. 
























Alfalfa hay 

6,629.3 

646-0 

5,983-3 

752-0 

216.8 

2,034-4 

2,858.4 

121.8 

166. 5 

2, 983. 2 

28,748,3 

Starch 

2,729. i 

6- 7 

2. 7*2-4 

9-5 


3-4 

2,709.5 



1-6 

!, 191.0 

11,202.3 

Total fed 

9.358- 4i652- 7 

8, 70.5- 7 

761 5 

2)A 8 

2,037.7 

5, 567- 9 

121.8 

168. 1 

4, 174- * 

39 i 943-8 

Refused 

537-4 

40-4 

497-0 

42-3 

12.9 

223.1 

alt. 9 

6.8 

9-5 

241. 6 

2,303.7 

Amount eaten 

8. 821.0 

6r2.3 

8,208. 7 

719^ * 

203-9 

1,814.6 

5,356-0 

tlS-0 

15& 6 

3 t 93»-6 


Feces 

2, 746- 8 

339-6 

2.407. 2 

287- 4 

.5.. 

1. 102. 2 

904.4 

87.9 

58.7 

1, 272-7 

12.30J.6 

Amount digested. . 

6,074 2 

272- 7 

5,801.5 

451-8 

178.7 

712.4 

4, 451-6 

27-1 

99.9 

2,659.9 

2S,33i'5 

Percentage digest* 












ibibty 

68-86 

44- 54; 70. 68 

Oo. 04 

87. 64 

39.26 

83-11 

23- 57 

62.99 

67.64 

67.30 

Period 3: 
























Starch 

1,551- 1 


1,547-3 

5 4 


i-9 

1.540-0 


•9 

676.9 

6,36?. 9J 

Total eaten 

S,' 298.8 

}34-6 

4.964-2 

416.0 


1,196.0 

3,165.8 

66. 1 

92.2 

2,361. 2 

22, K19. 0& 

Fcccs 

1,710.0 

171. l 

»,S38-9 

181. 5 

13.4 

.695-$ 

595-3 

52. 1 

34-3 

801.9 

7,763 

Amount digested.. 

3.588-8 

163.5 



106.9 

5005 

2,570. 5 

14.0 

57-9 

I- 559- 3 

13,035' 15 

Percentage digest- 












biljty 

67- 73 

48.86 

69.00 

$6. 13- 88.86 

41- 85 

81. 20 

21. 18 

62. 80 

66- 01 

6t. 58 

Perod 2\ 












Alfalfa hay 

2,645-4 



289^3 

84-9 

842-9 

1,148-3 

46.6 

64.44 


1:, 613.01 

Starch 

I T 105. 0 

2-7 

1,102.3 

3-8 


1-4 

1,097. 1 


.6 

482.2 

4, 3.33' S6 

Total eaten 

3,754^4 

236. 2 


293-6 

84.9 

844-3 

2, 245- 4 

46.6 

65.0 

1,671. 1 

16,14890 

Feces 

I, .jO. 6 

124. 2 

996-4 

111.8 

9- 7 

464- 7 

372.0 

38-3 

21.9 

5*2' 4 

5,075 

Amount digested.. 

2,629.8 

112.0 

2,517.8 

1S1.8 

75-2 

379-6 


8-3 

43-1 

1,148-7 

11,073- C9 

Pe'ccnlage digest- 












ibility 

70.12 

47-42 

71.65 

61.92 

88.57 

44. 961 83- 43 

17-81 

66.31 

68 . 74 

68 . 57 

Periot! 4; 












Alfalfa hay 

1,754-0 

tfn. -r 




516.8 



43-* 

7889 

7, .'99' 76 

Starch 

726. 0 

1.8 

724.2 

2-5 


-9 

720 8- 


•4 



Total eaten 

2,480.0 

164.5 

2,315-5 

201.8 

53- I 

S17- 7 

1,512- 5 

30. 5 

43. 6 

1.105.7 

10,579-88 

Feces 

728.9 

»4-> 

644.4 

74-4 

6.0 

296. I 

*40- 7 

*7- 1 

IS 4 

3 Ai -3 


Amount digested.. 

1,751. 1 

80 0 

1,671. 1 



321. 6 

1,271-8 

34 

2&2 

762- 4 

r.'245'48 

Percentage digest- 












ibility 

70.61 

48.63 

72- IT 

63. 13 

88. 70 

42-80 

84. 09 11. 15 

O4. Ob 

6S.9 

0&.4 
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Tabls 2 . — Urinary excretion 


peed and period. 

Weight. 

Aver- 
age spe- 
cific 
gravity. 

i 

Total snlids. 

Total nitrogen. 

Total carbon. 

Em 

Per 

gram. 

:rgy. 

Total 

AUAtFA BAY. 

Periods: 1 

Collected 

95.^^’ 

I.?4S 

1.041 

Pef 

8.26 

Gnts. 

7,920.0 

33-1 

Per 

cent. 

■ I-.U7 

Gtns. 

1,291.6 

5-4 

Prr 

Gms. 

1,956.0 

8.2 

Colo- 

• 1990 

Cflior trj. 
19,080.9 
79.8 

Total. 10 days.... 






97. 129 

9,712.9 



7,953*1 

795*3 

1 

,1*797-0 
179- 7 


i,964-2 

196.4 


V,aI 

Period 6: i 

CnllecLcd 






90, 763 

I-45I 

JOSS 

6.08 

5,5*8 4 
75-4 

X.097 

I 995- 7 

1 «3-6 

1.647 j 

1,494.9 

20-4 

• 1619 

14,694.5 

200.7 

Total. 10 days — 
Average 

Period 7: , 

Collected 

Average 






92.214 

y,22,.4 



5*593-8 

559-4 


1,009-3 

100.9 

7«5-S 

70.6 

1 

1-515'3 
! I5I-S 


14.895. 1 
1-459.5 

«.059 

6, 60s- 9 

1.06B 

1 1 

I 6-01 

.5,970- 1 
397-0 

1-068 j 

1-631 

1 

1,077-4 
107-7 : 

• 1510 

I 9*974.9 

I 997.5 

ALFAWA hav and I 
STjOtCH. 

Pctiid t; 

Collected 

544 

2.943 

■ 1 

I.Q44 

i 

8.16S 

6,009-9 

157-2 

• 948 

1 

1 

649-8 1 

»7-9 1 

1-995 

1,367-5 1 
.57.7 

1 

• i?4S 

1 1 1 960. 9 
.3*9- 5 

Total Todays,, . 






71.487 

7, f4S-7 



6,167- 1 
61^ 7 


667-7 

66- 7 


1,405’8 

I40-S 


12.190 4 
1.229-0 

Period ,v 

6)llccted 






7!>K)i 

80s 

1.030a 

4-45 

3, t68- 0 
12. > 

■696 j 
-2j8 

495-5 

1-9 

1.406 1 

t.OOI-O 

3.8 

.1263 

8,»:-S 

34.5 

Total, Todays ... 





71.997 

7,l»9.7 1 



3,180 I 
3'8-o 


497-4 

49*7 


1,004-8 

100.5 



Period 1 : 

CoUecled, Todays 






60.057 

6-005.7 

1 

1.030 

5-586 

3*354-8 

.718' 

431.* 

43-1 

1*304 

783.1 

78.3 

. I29t' 

7- 333-0 
' 733-3 

Period 4: 

Collected, Todays. ... 






39-942 

3>9«M-a 

{ 1-0308 

5-533 

L 160. 1 

1 

.S99 

351-0 
35- 1 

1-506 

S.88.0 

58.8 

•1447 

5*649-4 
564. 9 








TABr.e 3 . — Averape daily production of epidermal tissue 



In bmsh- 
ings. 

ToUl 

Drynrattef cm..: 2.20 

Niirogen cm... 0. 13 

Carbon isn 1.09 1 

Energy Cai..j is.yo 

9. 19 

• 73 
3-96 

4j- IJ 

11-39 
1.06 
S.o.s 
55- n 
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TablS 4 . — Gaseous excretion 


Feed and period, ^ 

Water, j 

Carbon ^ 

In combUBtible 
gaaea. 

Methane 

hydrojR, 

loarbro. 

Hydro- 

gen. 

Carbon. 

1 

{romcat* 

bOQ. 

AirALPA RAV. 

Period 5: 

Gm. j 
7. 101.04 : 
4i.S8o-sd 

Gm. 

3rS7o-9* 

5'439-o« 1 

Car. 1 
43-35 ! 
4t-44 

Gm. 
XI2. 19 

Gm. 
176-63 
769. 72 

3-045 

Second day 

Average 

d.99S-30 ! 

3<S«4-98 1 

44-40 

129.60 1 

773-79 


Period 6: 

J.j4»-r7 

4-397-76 

4.539-40 

34-00 

34-89 . 

los-SO 1 
96- »7 1 

736-96 

t28-5( 

3-«5 

Secoodday , 

Avoage 

5'eS*-69 

4.368.53 

33-43 i 

99-34 

‘34-74 , 


Period 7: 

3.5»$-M 

3.JM- 

3,j66-j6 
3. *38- 68 

i »»-39 
t «,8, 

60. )0 
S8. 22 

80-57 ! 
77- 80 ' 

4.952 

»-S« 


Avenure. 

3.4^0,06 

1 3.»57-5» 1 *6.14! 

59- 46 1 

J9- 19 , 


Al.rAi.»A BAV Arn> 6TARCB. 

Period s: 

io.4*3-9f 

9,632.49 

7 ,oM -07 

7.044-94 

56. r9 
53.61 

774.75 

1 164- 70 

430-85 
479-45 1 

3-«rs 

3-s6j 



10.079. (3 

7.043-43 1 

54-90 

1 768.48 

225. 74 

3.96) 

Period 3: 

First day 

Second day 

Average 

5>»5T-*T 

i-*47-3« 

4.734-»7 

4.717-43 

' 37- »8 

1 38. 19 

1 1(3.62 

1 77?. 76 

754.59 

7S7-36 

5-T« 

.?. o 34 

1 S-rS)-S9 

4. 744- 86 

1 37-74 j 

1 (16.69 

>5! 93 

3 W 

Period »: 

4. $59-94 
4, 409-6 i 

3. 949- 3} 

3.889-07 

1 

' 26.86 

27.36 

1 

82.98 

84-65 

)io.88 
1J5. II 

: 3.989 

: J-«9* 



4,384. j8 

3.903-4S 

»7. n 

83.82 

712.90 

1 3-OM 

Period 4: 

' 3.1 75- 
3,161-98 

3,158-00 

3,109.36 

20-03 1 
19-62 i 

63- 16 
6 i -57 

84.39 

£2.28 

1 

• 3.753 
3.139 



1 3-'6>-77 

3.133-68 

79.83 * 

1 

83-34 

3.1(3 



Tablb 5. — Meat emission 


• 

Feed and period- 

By radia* 
(ioQ and 
noduct ion. 

As latent 
heat ol 
water 
vapor. 

1 Total. 

Periods: aufau>a «av. ^ 

Colorter. 
8,8i2. 59 
8,651. 67 

CBicriti. 

4, too. 60 

Caicrits. 

12,913.18 

12. 651. 61 

Seeondday 

* 

8. 73 *. 13 

4, 070.3* 

li,i»i.45 

Period 6: 

Firstday,... 

7fT4*.S7 

7,661.46 

5 . 773 ' 43 , 
3 .I 57 . 77 , 

( 1 , 915-87 

10, 8 j 3 - 6 ) 

Average 

7,702.02 ! 

3,717. 70 

TO, 914.1* 

Period 7: 

6,120-28 

6,277-53 1 

2,082.40 , 
1,996.61 : 

8, 202.68 
8. 208. ‘( 



6,I95.9( 

4,039-31 . 

j 8 , 7 JS ;(5 
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Table $ — Heat emission — Continued 


Feed and period. 

By radia- 
tion and 1 
conduction. 

As latent | 
heat of 
water | 
vapor. ' 

Total. 

Period 1 ' ai»ai.pa hay and stasch. 

Caliitus. 
10,731.85 
10,619. 31 

Calories. 

4, 86a 76 
4. 887. 53 

Calories, 

IS, 56*- 61 
75,506. 74 



•Of 675. S3 

4.874- IS 

IS, 546- 67 

Periods: 

7r744- 58 
7,770.84 

3.086.37 

3.071.71 

10,830. 95 
10,842. 55 



7.757-71 1 

3,079. 04 

10,836.75 

Period 1: 

7.075-60 

6.986. 47 

*, 583. 70 

3,457- 77 

9,659. 30 
9,444-34 



7.031.04 

i *,530.73! 

9, 557- 77 

Period 4: 

6, 108.9$ 
6, 102.51 

1,880.96 ^ 
1.861.38 

7,989.91 

7.964-89 



6.105-73 

I 1,871.67 

1 7,977-4 



Table 6. — Corrections of heat emission for gains by body^ 


Feed and period. 

Gain — 

Mean 

body 

tempera- 

ture. 

Calorime- 

ter tem- 
perature. 

Correc- 

tion. 

Protein 6 

Fat. 

Water. 

ALTAUA SAY. 

Period 5: 

Girt. 

•¥ 61. » 
-I- 61. 3 

Cm. 

+ 178.4 

+ 333-3 

Gm. 
-8-SS« 
+ *.513 


•c. 

Cal. 

— x:6 
+ S6 





+ 6t. i 

■i 305.3 

1 ... 


Period 6: 



+ sro 
+ 57-0 

+ 46. 0 
+ 75-8 

-9-393 
+ 1.242 

i 

-197 

+ 38 





+ 57-0 

+ 60.9 

-4.076 

38.70 1 17.67 - 6$ 

Period 7: 

First day 

“ 43-» 
“43-3 

—16a 3 
-M7-7 

I- 

1 1 

1 

- IS 

- 5 


i 

- 43- » 

— 154-0 

- 3*8 

38.00 1 17.71 

“ 9 


AL^AUTA HAY AND STAKCH. 

Period j: 

+ 193-9 
+ I93-O 

+409-3 
+ 436.5 

-7,403 

+S.938 

1 

-148 
+ 1.U 





+ 191,0 

+432-9 

- 735 

38.67 1 17.76 

- 8 

Period 3; 

+ 43-6 

+ 43 6 

+ 3»-9 
+ 35-3 

-3.634 
+ 1.117 



- 75 

+ 35 

Second dav 





+ 43- 5 

+ 3+ I i -1.359 

3«- 5« 

. 


Period j; 

First rtav 


1 1 

-112.3 
— 100.0 

— 1,480 

- 369 



- 3* 

- 9 

Second Hav 







- 6.6 

— 106. 2 

- 9*4 

38. 28 

17-7*1 -21 


Period 4; 

First dav 

— 48-0 

— 48-0 

— 262.3 
—243. 8 

+ 102 

-1,099 



— 26 

Second Hay 



Average 



— 48-0 

—252.6 

- 499 38- 14 

*7-7*j - 14 

— 


* Estimated specific heats; protein 0.30, lat 0.66. ^ Average of entire digestion period. 
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Table 7 . — Corrections of heat emission for changes of body temperature in 48 hours 


Peed and period. 

Live 

weight 

when 

leaving 

caiorimetcf. 

Body teTnperature.'i 

Corrections 

Entering. 

Leaving. 

DifTeretice. 

for Ijody 
' temppra- 
tiire,'' 

i 

AITALPA HAY. 


*C. 

•c. 

‘G. 

Cal. 


a 

38- -iJ 

38. R3 

+0. so 


Period 6 

41*. * 

38.67 

38-7* 

4-d.os 


Period 7 

383.0 ; 

37-44 

38. 56 

+ 1.IS 

•^34J 

ALPALPA RAY -AND STARCH 







4 Ck >.8 

38. 67 

38. 67 

0.00 



.174-4 

38-33 1 

38. 67 

+0-34 



,19*. 0 

3»-«! 

38- 33 

-i-o. I 1 


Period 

3t’4- 7 

37-94 

38-33 

+0-39 

+ 114 


<* Taken in Fahrenheit degrees an J rc<Uiccd ^Specific heat of body, o. 8. 


Table S . — Daily heat prodneiion 


Feed and period. 

j 

Heat 1 
emission. ' 
1 
1 

1 

Correc* 
tioo lor 
b«xly 
tempera- 
1 ture« 

(Table 7). 

Correc- 
tion lor 
body gain 
per day 
(Tabled). 

Observed 
heat pro- 
duction. 

Coni- 
put»l 
heat pro- 
duction. 

Com- 

piitcd4- 

obsi-rved. 

ALFALP.A HAY. 

Period 5: 

First day 

Secoinl day 

Average 

Calories. 
7J-9J3-3 
ti, 691.6 

Calories. 
+ 8s 
+ 8S 

Calories, 

-176 
+ S6 

Calories. 
11,8**. 3 
i», 832. 6 

Colorits. 
I3.630.7 
19, 611. 1 

Per ccnl, 
ler.fi 
9*. 5 

ij, 8 o *.5 1 

+ 8s 

— 60 

Ii,6*7. S 

12.6*0.9 

99-9 

103.9 

Period 6: 

First day, . . 

Second day 

Average 

Period 7: 

First day 

Second day . . \ 

Average 

It.ois. 8 ! 
10.813.6 1 

+ 8 
+ 8 

-197 
+ *8 

10. 8*6 8 
10, 849- 6 

11.144.1 

10,981.4 

10.914-7 1 

S.lOS.! 1 

-h 8 

- 8S 

; 16, 837. 7 

11,063.8 

102. a 

+ «7* 

- IS 

- 3 

i 8.359.7 

1 8,437.1 

8, 54*. 4 
8.460. 6 

Tfll. 3 
100,} 

6- *3«. 4 j 

+ 17* 

- 9 

8.398. 4 

8,501.5 

iei.3 

ALFALFA HAY AN'D STARCH. 

Period i: 

First day 

Second day 

Average 

Period 3: 

First dav 

Second day 

Average ' 

Period *: 

First day 

Setvnil day 

Average 

tS-S9* 6 
IS.SOA 7 

0 

-148 
+ 131 

15.444-6 
15.637. 7 

15,985. 1 
15.878. 1 

103.5 

lot, 5 

' 1S.S49-7 

1 ° 

- 8 

IS- 541. 7 

15.931.6 

TO!. 5 

10,831.0 
10, 842. 6 

+ 54 
+ S4 

— 75 
+ *S 

10,810.0 
10. 9*1. 6 

11.4*0. 3 
11.419.6 ! 

105.6 
104 6 

1 10.836. S 

+ S4 

- *5 

10. 865. 8 ! 

11,4*0. 2 

9-659.3 
9-444- * 

+ 16 
•f 16 

- 3* 

- 9 

9.643.3 

9.451. 1 

9,909.6 

9,763.0 

loj'3 

9.551-8 

+ 16 

— *I 

9.546. S 

9. 836. 3 

103.0 

Period 4- 

First day 

Second day 

7.989.9 

7.964-9 

+ 57 
+ 57 

— *6 

8.044-9 

7.995-9 

8. 264. 9 
8, lOV' 8 

101.4 

7.977-4 

+ 57 

- *4 

8,020.4 

3,1864 



* A&susiins the coneilion for 48 hours (Table 7) to be equally divided between the two days. 



SOIL FACTORS AFFECTING THE TOXICITY OF ALKALI 

jjv F- S- Harris, Director and Agronomist, and D. W. Pittman Assistant Agronomist, 
Utah Agricultural Experiment Station 

INTRODUCTION 

In alkali studies carried out at the Utah Experiment Station during a 
number of y^rs, variations in toxicity under different conditions have 
been very evident. This has already been reported by one of us,* in 
results wherein the various alkali salts and particularly the carbonates 
were injurious in lower concentrations in sand than in loam. Other soil 
factors were also found to iniluence the action of soluble salts on plants. 
In order to gain more information regarding these factors, the investiga- 
tions herein reported were undertaken, since it.was realized that no ade- 
quate idea of the alkali problem could be had without an understanding 
of the factors involved. 

Millions of acres of laud in the and part of America contain certain 
soluble salts in sufficient concentration to interfere with the best growth 
of crops. The value of much of this land is uncertain, since the salt 
content is near the concentration that renders it worthless. It is im- 
portant, therefore, to know as nearly as possible just what the critical 
concentrations are. Ililgard and other early investigators contributed 
much to our knowledge of alkali lands, but their investigations did not 
make clear all the factors involved. This work is an attempt to deter- 
mine with more exactness the quantities of the various salts that pro- 
hibit crop growth under different soil conditions. 

The earlier paper* reviews the important literature on the subject; 
consequently no literature is reported iu the present paper, 

METHODS OF EXPERIMENTATION 

The first method used was the direct empirical experiment of growing 
crops in prepared alkali soils in glass tumblers. Over 12,000 tumblers 
v.-ere planted in this experiment. The general method of procedure was 
exactly the same as was used previously' in studring the effect of differ- 
ent salts and combinations of salts. The tumblers were made to a uiii- 
lorm weight by placing washed gravel in the bottom. Two hundred 
gms. of soil, to which the salts had been added in solution as required in 
the experiment, were placed in each tumblei, and 10 kernels of New 
Zealand wheat planted in each. Daily notes were taken on the number 
of plants up in each tumbler and on any other observable data. The 

' Harris, K. S. EFFECT OP ALKALI S.AUT3 IN SOILS ox TUR GCKVIXAnov AND GROWTH OP CROPS. In 
jou?. Asr. Research, v. 5, no. t.p. 1-53. aSiiR. 1915- Literature ritwi.p. 5^-53. 

’ Harris, F. S. op cit. 

joufiiEl cif Agricultural Research, 

Wiriiinctoii. D. C. (28;) 


Vol. XV, Xi). i 

i. 

Key Xn. l l.ili-o 
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tumblers were made up to weight with distilled water as often as the loss 
became appreciable. On the twenty-first day after planting, the crop 
was harvested by cutting the plants at the surface of the ground with 
small scissors. The height of each plant and the number of leaves were 
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Fig, I. — Diasraia showing the number of wheat plants up and the dry matter produced in 21 days iu 
quartz sand of diderntl sizes containing sodium rblorld. Sodium carbonate and sodium sulphate added 
in various concentrations. Moisture content maintained at 20 per cent throughout. 


recorded. The plants from each tumbler were placed in an envelope 
and dried in an oven, and the dry weight was determined. The 3-vveck 
period was arbitrarily chosen, because by that time nearly all the plants 
that would germinate had done so, and the growth c^sed to be vigorous. 
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jt was found that the dry weight at harvest gave the best figures for 
comparison. The number of plants germinated, the average number of 
days required to germinate, the average height of plants, and the aver- 
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Pic. Diaeram showiiii' the ounih«r t£ i*h«at pUnts up •o<l the dry matter produced ia n days in soils 
ul OilTcrcnt texture containing sodium cbJorid added in various cenceotratJoiis. Moisture conteat 
maintained at ao per cent throughout. 

age number of leaves were also used as indicators of plants growth. In 
these experiments only the three most important alkali salts, sodium 
chlorid, sodium carbonate, and sodium sulphate, were used. The rela- 
tive toxicity of most of the alkali salts was reported in the earlier paper. 
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EFFECT OF SIZE OF SOIE PARTICLES 

The first factor to be examined was the effect of the size of soil parti, 
cles on the toxicity of alkali. For this purpose pure quartz sand graded 
into five sizes was used. The experiment was repeated three times in 
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two different years, twice at 20 per cent moisture and once at 10 per ccat. 
The details of the make-up of the tumblers and the results are shotvu in 
figure 1. 
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The size of particles alone, as shown by the quartz sand, seemed to 
have Jio appreciable effect on the toxicity of the salts. The different 
moisture content shows a marked difference here as elsewhere. The 
results with sand arc the only ones showing the carbonate jnore toxic 
than the chlorid on the basis of the amount of salt added. 
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Pw- 4 — Diagram showing the number tA wheat plants up and the dry matter produced in si days in soils 
of difTcrmt texture containing sodium sidphate added in various concentrations. Moisture centenC 
ntaintained at as per cent throughout. 

As a continuation of the study of the effect of size of particles or tex- 
ture, various combinations were used, including soils varying from sand 
through loam to a brickyard clay. The loam contained more organic 
matter than either of the others. This condition is usually found in 
83814^—18 3 
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natural soils. A scries was conducted with 'ocal sand, Greenville loam, 
and day, and mixtures of half and half of these. Later, another series 
was conducted using more grades of mixtures. Owing probably to 
weather conditions, the second series grew better as a whole than the 
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content. 

first; but, since the figures are equally distributed, they can be placed in 
one table for study. All soil was maintained at 20 per cent moisture on 
the basis of the dry soil. The details of the experiment and the results 
are shown in figures 2, 3, and 4. it is noticeable from the figures that 
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the loam is more tolerant than either of the extremes and that the lighter 
loam soils are more tolerant than the heavier. Tliis is especially notice- 
able with the carbonates. 
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FiO. 6.— Diagram showing the mimbcr of wheat plants up ajid tlie dry matter produced in n days in soils 
ol duTerent texture ccntainiiig sodium carbonate added in various concoitrations. Soils malstamed at 
an Piiuivalent moisture content. 


It was noticed in this experiment that at 20 per cent moisture content 
the sand was nearly satuiutecl, w-hile the clay was comparatively dry. 
In order to overcome the effect of the varying moisture relations when 
soils of all textures were maintained at 20 per cent, experiments were 
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conducted with the soils as nearly as possible to an equivalent moisture 
content or the same relative degree of wetness. Since there was no cen- 
trifuge available, this equivalent moisture content was determined by 
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Fig. 7,— Diagram showing Ihe number of wheat plants up and the dry matter produced in n days in iwi' 
of diflerent texture cmtainhig sodium sulphate added in various conceatraliuns. Soils maiiitBiuf'f 
an cQuivalent moisture content. 


placing the soils at various moisture contents in contact 'with loam 
at 20 per cent moisture in sealed vessels and observing by the moisture 
movements the percentage in each case which was in equilibrium with 
20 per cent in the loam. 
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As determined by several duplicates of this method, 10 per cent 
moisture in the sand, 27 per cent in the clay, and 50 per cent in peat, 
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Used in later experiments, was found to be equivalent to 20 per cent in 
the loam. As worked out later ou the moisture-equivalent centrifuge, 
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the equivalents were sand 2.65 per cent, loam 23.92 per cent, clay 27 o 
per cent, and peat 51.80 per cent; but the first results are probably ^ 
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satisfactory for this experiment, since the sand at the lower moisture 
content would be unworkable. The results of this experiment are 
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shown in figures 5, 6, and 7. These graphs show but little difference 
in the tolerance of sand and clay, but the presence of loam greatly 
increases tolerance for alkali. 
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In order to eliminate the effect of the organic matter which was pres- 
ent in the loam and not in the other soils, two series were conducted 
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using only mixtures of clay and sand at an e^iiivaient moisture content. 
En one series no organic matter was added, and in the other 10 per cent 
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of sifted peat was added to each. In this case only four concentrations 
of the salt were used and there were four duplicates of each treatment. 
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adfli'd in various concentrations. Soils maiolaincd at an equivakul moisture content. 

fiiese were averaged. The results are given in Tables I and II. These 
tables show that without the organic matter the Iieavier soils are more 
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tolerant at the equivalent moisture content; but with the organic matter 
added, which greatly increased the equivalent moisture, there is 
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appreciable effect. All these results considered together seem to indicate 
that loams are more tolerant than sands or clays, and that at the same 
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moisture content the lighter loams are more tolerant; but if enough 
more water is added to make them equally wet the heavier soils are 
more tolerant. 
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Table J.— Average dry maUer of wheat (in o.ooor gm.) produced in 2 i days in sand and 
clay mixtures, ivitk no organic matter and containing sodium chlorid, sodium carbonate 
and sodium sulphate in various concentrations. Soils maintained at an equivalent 
- moisture content 
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EFFECT OF ORGANIC MATTER 

Another factor to be studied separately was the effect of th% organic 
matter of the soil on the toxicity of the alkali. The results given above 
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seem to indicate quite strikingly that organic matter increases tolerance. 
Several series of experiments were conducted to show the effect of a rich 
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garden soil, sifted peat, and sifted manure in varying quantities on the 
toxicity f)f alkali in sand at the same and at equivalent moisture con- 
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Pig. i 6.— Diagram showing the number of wheat plants up and the dry matter produced in ji days u loam 
^ilh diSerent amotmls of manure containing sodium chlorid, sodium carbonate, and sodium sulplia'^ 
added in various concentrations. Soils maintained at an equivaloit moisture content. - 


tents and of fresh chaff, peat, and manure on loam. The peat used was 
a rotted ■woody and leafy material deposited by Logan River The 
manure was fairly well rotted. The results are shown in figures 8 to i6. 
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A-dditional organic matter seemed to increase the tolerance of the 
goil for alkali if enough additional water was added to bring it up to an 
equivalent moisture content, but increased the toxicity if the extra 
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Fki. n.— Diagram showing the number oi wheat plants up and the dry matter produced in 21 days in 
sand maintained at different moisture contents and cuotaiuiug sodium chlorid. sodium carbonate, and 
sodium suiphate added in various conieutralions. 

moisture was not added. The greatest effect was produced by the peat 
probably because it was the finest and could be most thoroughly incor- 
porated into the soil. The results were more noticeable in the case of 
the carbonates than in that of the two other salts. 
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EFFECT OF moisture CONTENT 

In order to test more completely the effect of different moisture con- 
tents on the toxicity of the alkali salts, a separate series of experiments 
was conducted using many of the soils used in the other experiments at 
different moisture contents. These varied between the lowest and 
highest extremes at which seeds could be* made to germinate. 
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Fig. i8.— Diagram sliowing the number of wheat plants up and the dry matter produced in iz days in 
sand and loam maintained at different inuisture contoits and containing sodium chlorid, sodium car- 
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The results which are given in figures 17 to 26 show that the resist- 
ance was increased with the increased moisture content up to the point 
of excessive moisture for plant growth. This was the most noticeable 
correlation observed in all these investigations. Two additional scries 
were conducted on the plan of duplicating tumblers and using only four 
concentrations. In the first, the salt content of each set was the sauie 
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on the basis of the dry soil, but the moisture content varied. In the 
second, the soils were made up with different amounts of the same solu- 
tion, the concentration being maintained by adding water as it was lost 
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wdiuin sulphate in various coocenlraticms. 

by evaporation. This would give theoretically the same concentration 
of salt in each case even though the percentage of moisture was varied. 
The results are given in Tables III and IV. These show that with soils 
having the same concentration of salts on the dry soil basis, the greatest 
83814®— 18 4 
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resistance was found at the highest moisture content consistent with good 
growth. In the second series, in which the theoretical concentration o{ 
the soil solution was the same, different results were observed. In the 
case of the chlorids and sulphates the toxicity was nearly proportional to 

the strength of the solution, the best growth otherwise being with the opt;, 
mum moisture content. In the case of the carbonates, however, the 
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Fic. 20,— Diagram showiag the number of wheat plants up and the dry matter produced in 21 days in 
loam and clay maintained at difYerent moisture contnits and containing sodium chlorid, sodium rar- 
bonate. and sodium sulphate added in various cxmcentralions. 


greatest growth was where the least amount of solution, and conse- 
quently of salt, had been applied. This shows that in the case of the 
carbonates at least the concentration of the soil solution does not depend 
directly on the proportion of salt to soil, or on the proportion of salt to 
water, but on a combination of all these factors probably, depending ofl 
the relative absorptive powers of the soil for the salt and for water. 
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Table ni . — Average dry matter (in 0.0001 grn.) produced in loam toil maintained at differ- 
ent mouture contents and containing sodium chForid, sodium carbonate, and sodium 
^Iphaie in various concentrations froterf on the dry weight of the soil 


<5ajt and concentration. 

Dry matter iwoduced. 

Avwr 

Bge. 

Moisture in soil 
oercent.. 

xa 

I* 

16 

18 



24 

26 

28 

30 

P. p. m. 

300 

&66 

I »»» 

>>3rS 

■-383 

>.489 

1. 190 

I.s«» 

I,S41 

1,049 

J. 156 

SODIt-'M CHLQRID. 


S 9 S 


*,»j 8 


t,i86 


1,260 



861 




168 




1,070 








38 

3* 



468 



1&8 






7.3 

175 

301 

43 S 

299 

128 

Average 


■ 49 

r. 1 S 

35* 

438 

55« 

73r 

77J 

*53 

.';t3 

430 

SODIUM C-SRB0NAT8. 
























3,eeo 








878 


^8 

740 





X 7 



3 t 9 




160 






38 

34 

64 

80 

22 

23 

Average 


I4t 

349 

485 

SC.t 

^06 

s 8 j 

s 6 j 

583 

3«0 

41S 

SODIUM SULPHATE. 














77 


L &>8 

806 


1,261 

918 

722 

843 

682 




S* 

594 





359 








108 



r-n 










31 

4 


■■ ' “ 

to 


4 tA 

3»8 

.5. 

595 

5‘9 

467 










Table IV . — Average dry matter (in 0.0001 gm.) produced in loam soil maintained at difer- 
enimoislure contents and containing sodium chlorid, sodium carbonate, andsodiumsul- 
phaie in various conceniralions based on Ike theorclkal strength of the soil solution 
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EFFECT OF ADDED SALTS ON CONCENTRATION OF SOIL SOLUTION 

In order to get some definite conclusions as to the actual concentration 
of the soil solution in these alkali soils under the conditions of the experi- 
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Fig. 31. — Diajrram showing the number of wheat plants up and the diy matter produced in n da>' in 
clay maintained at different moisture contents and containins sodium chlorid, sodium carbonate, am 
sodium sulphate added in various ctmceutratiotlS. ' 

merit, tlie freezing-point method described by Bouyoucos and McCool u as 
used. The sods were dried and later made up to the moisture cont^t 

' Bouyoucos, G. J. and McCoou, M. M. tiiB rRBRnNC-POiKT method as a new means op 
CUING THE CONCENTF.ATIONor TSft fiOtt SOLUTION OIRBCXLY IN tUE SOIL. Mich. ACT- Hxp. Sta. 

Bui. 34, p. 593-631 3 hg. 19x6. 
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used in the experiment. They were left standing in stoppered containers 
for forty-eight hours. It was found that no regular results could be 
obtained without this forty-eight-hour period of standing. The freezing 
point was then determined by the method referred to above. Krom 
solution experiments it was found that a gram-molecular solution of 
sodium chlorid froze at —3.56° C., sodium carbonate at —4.58° C., 
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Fic. Ji.—Diagrajn showiiiK the BUinber cA wheal plants up and the dry tnattcr produced in si days in 
MTid and clay maintained at different moisture contents and containing sotiiiun chlorid, soditim 
carbonate, aud sodium sulphate in various cuoccntralkpns. 

and sodium sulphate at —4.37° C., the depression being directly pro- 
portional to the concentration. With these figures it was possible to 
calculate additional strength of the soil solution from the freezing point, 
assuming it contained only the salt added. From this and the theoretical 
strength, calculated from the amount of salt and water added, the rela- 
tive adsorption of salt and of water could be calculated. It was found 
necessary to use a check with each series for comparison, since some 
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unknown factor caused a variation in all samples from day to da 
on each day the relation between the check and the treatment 


Was 


con- 


sistcnt. It was found that the depression of the freezing point varies 
sistently rvith the concentration and that duplicate samples checkert 
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l-io. 53.— Diagram showing the number of wheat plants up and the dry matter produced in ji d^>'5 in 
sand and clay maintaiDcd at different moisture cooleots and containing sodiiun chlorid, sodittin 
carbonate, and sodium sulphate in various concentrations. 

within 0,01 or 0.02 degree. The freezing point of soils used in preparing 
figures 2, 3, and 4 was taken, and the results were averaged for the differ- 
ent content of each salt and for the different types of soil. The results 
are given in Tables V, VI, and Vll, which show the quantity of the salt 
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j(jded laid the quantity that was determined by the freezing-point method 
(0 iK actually in the soil solution. In the case of the added sodium 
chlorid it was noticeable that there is more salt shown than was added, 
ffbich indicates either that there was more water than salt adsorbed by 
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the sod or that other substances were brought into solution from the soil 
) adding tlie sodium chlorid. This effect reached a maximum at 2 ,500 
P- p. m, of salt. There was no regular difference with the different 
® types. In the case of tlie sulphates, apparently not all of the salt 
remained in solution except in the lowest concentrations. This was to 
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be expected from the large amoimt of the crystalline salt that appeared 
at the surface of the tumblers of higher concentration. The sodium 
carbonate shows the most interesting results. Over 8o per cent of 
lowest concentration (500 p. p. m.) has disappeared from the solution 
so far as its effect on the freezing point is concerned. It is also noticeable 
that the greatest adsorption occurred in the Soils having the greatest 
amount of organic matter as was to be expected from our other results 
The amount of the salt that could be detected in these soils by the ordi- 
nary method of water extraction and titration is shown in Table Vlll 
for comparison. The results agree remarkably well. This seems to 
show that the organic matter in the soil not only neutralizes the basicity 
of the carbonate but actually removes it from the solution altogether. 

TablU V . — -The increase in ike conccntralion of the soil solution by adding sodium chloTid 
in various quaniities to different soils. Increase in concentration determined by ike 
depression of the freezing point and expressed as parts per million of sodium chlorid in 
dry soil 


Sr.il. 





Conceofratien. 





Aver* 

age, 

Saltadded. .p. p.m. 

200 

400 



t.ooo 

1.500 

2.000 

2,500 

3,000 

3.500 

4,000 

Sanrl 90, loam lo. . . 
Sand 80, loam JO... 

*31 


869 

1. 251 

1.844 

,.865 

3,886 

5.302 

6.589 

8,662 




6$0 

I.J84 

J.5tS 

1.844 

2.569 

4.6:7 

6,224 

6, 587 

6,916 

9>oqo 


Sand ;o, loam 30. . . 


$56 

1,120 

X, 2S4 

1,844 

a, 601 

3.559 

3.491 

5-730 

6,«a3 



Sand do, loam 40. . . 


396 

626 

1,087 

1,219 

2,009 

3.^5 

4.446 

5.072 

6,225 



Sand 40, loam 60 . . . 
^dio, loam 70. .. 


6$o 

790 

t,02t 

2,437 

2,470 

1,976 

3.326 

3. 95* 

4. 512 

S' 105 

S,3W 
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1,251 

2.734 

3. 195 

4.150 

4. 742 



Sand 20, loam So... 



650 

1,087 

1.284 

1,844 

2,668 

3.3*6 

3.5ST 

4.380 


. 

Loam 90, clay to. . . 



461 

6»2 

889 

1.614 

2,569 

2,832 

3. 293 

3)8 i» 



Loam So, clay 20.... 

83 « 

428 

4*8 
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9SS 

1,647 

2.075 

2,602 

3.195 

3.425 



Loam 70, day 30... 

66 
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692 

757 

1,284 

1,482 

2,07$ 

2, 700 

3.557 


«'$45 

Loam 60, day 40. . . 

33 
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362 

494 

922 

1,350 

1, 811 

2.437 

2.964 

3. >93 


Loam 40, clay . . 

tjJ 

296 

296 

659 

955 

t.S'S 

2,470 

2.799 

3.063 

3.853 


:.X :9 

Loam 30, clay 70- . . 

16s 

395 


Wt9 

988 

1. 482 

1,821 

2,437 

3,030 

3. 557 



Loam JO, clay So. . . 


13 » 

362 

6 j 9 

790 

1,416 

2,042 

1.903 

3.260 

3. *93 

2.668 


Loam to, day 90. . . 

395 

626 

790 

9*2 

1. 284 

It 581 

2,305 

2,898 

3,656 

3.491 

4.018 

1.9?; 

Average 


438 

654 


1.284 

1,881 

2,709 

3.331 

4.077 

4.7*0 

5.149 



Table VI . — The increase in the concentration of Ike soil solution by adding sodium csr- 
bonate in various quantities to different soils. Increase in concentration deiermmd 
by the depression tff the freezing point and expressed as parts per million of jodiam 
carbonate in dry soil 


Soil. 





Concentration. 





Aivr- 













age. 

Salt added, .p.p.m. 

500 

1,000 

2,000 

3,000 

4.000 

5,000 

6,000 

7,000 

8.000 

9,000 

10,000 


Sand 90, loam 10. . . 

93 

1,07* 

1,664 

3«262 

5. 685 

6-852 

9,361 

9, 600 

12.256 

12, 256 

13,514 

6.59! 

Sand 60, loam 20. . . 

47 
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609 

1.869 

3. .500 

S. 219 

5.965 

8.947 

to. 019 

10, 205 

10,347 


Sand 70, loam 30. . . 

47 
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3.1*2 

3,8»X 
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9,273 
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3,821 
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8,295 
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Sand 40, loam 6e. . . 

93 
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x,iS>8 
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470 
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I.I19 

Loam 99, day lo . . ■ 
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93 
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9 i 
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1.400 
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4, S10_ 


Average 
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XablE VII. — The increase in the concentration of the soil solution by adding sodium sul- 
phate in various quantities to different soils. Increase in concentration determined by 
the depression of the freezing point and expressed as parts per 7nillion of sodium sulphate 
in dry soil 


Sal. 

Coocentratioa. 


Salt added.. p.p-m. 

500 jl.OOO 

2,000 

3,000 

..«o 

5-000 

6,000 

7.0C0 

8,000 

9,000 
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<;and 80. loajn JO. . . 

i,3od 

2,090 

3,983 

6.662 

8,492 

9.863 

8,884 
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Sand 70. loam 30... 


3.J5S 

3,789 

4,703 

9,47a 

9,798 

9.994 




7.838 


Sand 60, loam 40. . . 

784 


3.070 

4,376 

7,0$£ 

9. 014 

4.S£* 






Sand 40. loam 60. . . 

261 

1,110 
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*,874 

4.638 

6.597 

7.708 
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849 

849 
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8, 165 
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5-^ 
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2,221 
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4.050 
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1,045 
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1,698 
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3.201 
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4,964 

S,6i8 




Loam 70. clay 30... 

391 

719 

1,960 

*,939 

2.809 

3. 7*3 

3-7*3 

4,703 

6,205 




Loam 60. clay 40. . 

784 

1,241 

1,894 

a, 48a 

3-33£ 

3-593 

4, tSl 

4.703 





Ivoam 40. clay 60. . . 

719 

719 

t,96o 


3.005 

3,33* 

3, *66 

3-789 

5i f6o 




Loam 30. clay 7o... 
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1.306 

1.829 
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3.397 

3-985 

4,311 


S,6i8 
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849 
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.4-115 
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3. 349 

Average 

t>93X 

r.3£4 

2,231 

3, *35 

4,3IJ 

5,233 

5,468 

6.308 

6,788 

6,372 

7,88s 




Table VIII.— .-ImoMn/ of sodium carbonate that could be delected by u-ater extraction in 
different soils to which it hod been added in various quantities 


Soil. 

CooceotratioD. 


Salt added.. p.ji.m. 

500 

1,000 

2,000 

3,000 

4.000 

J.OOO 

6.000 

7,600 

S.ooo 

9,000 

10,000 

age. 

San'dQo, loam le. . . 

170 

S94 

891 

£.484 

2,417 

3,859 

3,307 

5,68* 

5. 088 


6,784 


Sand 80, loam 20. . . 

250 

38r 

8^ 

«,J99 

9,077 

*,959 

3,477 






&ud 70, loam 30. . . 

148 

*75 

615 

1*93 

*,674 

2.I4I 

3, *43 

3,582 

4.346 

4.388 



Sand 60, loam 40. . . 

170 

*55 

SS> 

I.oid 

1.5*7 

*,993 

*-375 



4,601 



Sand 40, loam 60. . . 

42 

954 

5S£ 

848 

|.J*9 

1.696 

1, 865 

2,289 

2,883 




Sand 30, loam 79. . . 

170 

170 

636 

976 


*.6 s 4 

2,0*8 






Sand 20, loam Bo. . . 


X70 

510 



*.485 

*■951 

2.121 

2.801 




Loam 90. clay lo. , . 

212 

212 

467 

848 

1,018 

J.569 

1.SJ5 



2,841 



Loam So. clay ao. , . 

42 

212 

466 


1.102 

*.314 

1,86s 


2.628 




Loam 70, clay 30. . , 

85 

339 

8o6 

£.060 

1,230 

1.696 

J.908 

2,020 

2.671 




Loam 60, clay 40. . . 

170 

*55 

721 

X.188 

t,3S7 

1,781 

9.078 

2.460 




1 -8^ 

Loi^ 40, clay 60. . . 

1?0 

254 

434 

4*4 

1,18? 

1,654 

1.6^ 

I,S66 




£.557 

Lcam 30. clay 70. . . 

*54 


339 

593 

996 

1-7,38 

2.120 

2. 162 





Loam JO. clay So. . . 

60 

18 

442 

1 823 

1,205 

1.586 

1.671 






1,0am 10, clay 90. . . 

170 

46: 

.594 

*.44* 

891 

£.569 

2.073 

2,714 

3-096 

3,816 

4.240 

1.916 

Average 

147 

.40 

S94 

1,009 

*.369 

£-853 

*,*36 

2,687 

3-24* 

3, 826 

4. *57 




RELATIVE TOXICITY OF THE SALTS 

Turning our attention to the relative toxicity of the three salts and 
averaging together the yields of dry matter from all tumblers in series 
having the same salt content, we obtain the results shown in figure 27, 
which shows the percentage of normal yield from all soil types and 
moisture contents for each concentration of each salt as added. It will 
be noticed that up to i ,000 p. p. ni. all the salts are beneficial in the 
action, the carbonate being especially so. After 1,500 p. p. m. all the 
salts become increasingly toxic, the chlorid most so and the sulphate least, 
’^ith the carbonate about halfway between. 

'Iwo very noticeable features of these results are that the chlorids 
average about twice as toxic as the carbonate on a basis of what was 
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added, and that there is notable discrepancy between the carbonate 
added to the soil and the amount os determined by water extraction 
It would seem that these might to a certain extent be-offered as a mutual 
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explanation of one another. Neither of these peculiarities was observed 
in our studies with sand. 

Practically all of the results shoviung the carbonates be more toxic 
than the chlorids have been obtained from studies in solutions and in 
sand cultures or from field studies where the salt has been determined 
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by water extractions. This extraction in experiments of this kind does 
not show all of the alkali carbonates that have been added. In averaging 
all the determinatiofts it will be seen that less than half of the salt added 
was extracted. While this is not enough to change the results to the 
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Sic.. j 6, Dajram sbowmi pc niiml»r o( wheat plants up oucl the dry matter piodumt in dajs i„ 
rttanL dWerent moisture contctlts and coutalniug sodium chlotid, sodium 

Cjthouate, and sodium sulphate in various eouceutratioos. 


customary statement that the carbonates are twice as toxic as the 
chlorids, It shows.possibilities in this direction. The method of extracting 
'vas as follows: Fifty gm. of the oven-dry soil were added to 500 cc. of * 
distilled water and stirred with a wooden paddle for five minutes. The 



3*8 ■ Journal of Agricultural Research voi. xv, 5 

solution was allowed to settle for an hour and filtered through a Pasteur- 
Chamberland filter. Ten to fifty cc. of the clear sqjution were titrated 
with N/^o sulphuric acid, witli methyl-orange as indicator and the 
results expressed as sodium carbonate. In cases where there was much 
organic matter in the soil the solution was very black, but by diluting 
with neutral water to a yellowish-brown color the end point could always 
be distinctly observed by one accustomed to making the titration, it 
was found that this method gave as nearly complete an extraction as 



Fic. 37-— Graphs showing the percentage of normal yield of dry maUer of wheat produced in 21 days •vnih 
various concenlratioDS of added sodium dilorid, sodium carbonate, and sodium sulphate. Average 
cJ all trials. * 


any method of cold-water extraction that we could find, but the solution 
was never complete. Since most field studies are made by water extrac- 
tions, this may offer a partial explanation of the unusual nature of our 
results. 

SUMMARY 

(1) There is a great need for definite information regarding the toxicity 
of alkali salts in the soil. 

(2) This paper reports about 12,000 determinations of the effect of 
alkali salts on plant germination and growth under different conditions. 

(3) Size of particles of a sand independent of other factors does not 
*seem appreciably to influence the toxicity of alkali. 
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(^) Loa^n soils are more tolerant of alkali than either sand or clay. 
The coarser loanis are more tolerant than the finer at the same moisture 
content, but if the heavier loams are maintained at an equivalent moisture 
content they are more tolerant. 

(5) Organic matter increases the resistance to alkali when the soil 
containing it is given sufficient moisture, but where present in large 
quantities organic matter decreases the resistance if the moisture supply 
is low. 

(6) Increasing the moisture content of a soil up to the maximum that 
will produce good crops increases resistance to alkali. 

(7) 'the toxicity of sodium chlorid and sodium sulphate seems to 
depend to quite an extent on the relation betsveen concentration of salt 
and percentage of moisture present, while the toxicity of sodium car- 
bonate is more largely affected by tlic presence of organic matter, 

(8) Organic matter in the soil seems actually to remove sodium car- 
bonate from the soil solution in large quantities. 

(9) This probably explains why in experiments where sodium carbonate 
is added to a loam soil, it is'less toxic than sodium chlorid, while in field 
studies where the salt is determined by analyses, and in solution and 
sand culture studies the sodium carbonate is more toxic. 

Practical conclusions that may be drawn from these experiments are: 

(1) T/)am soils and soils with a high water-holding capacity may be 
successfully farmed at a higher alkali content than others. 

(2) Soils in which alkali reduces crop yields should be kept as moist 
as is compatible with good plant growth. 

(3) Manure, or other organic matter, should be beneficial to alkali 
soils, especially those higli in carbonates. 
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